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Foreword

Dear HIAS 2019 Participants,

We are very glad to welcome you to Canberra for HIAS 2019, the seventh in the series of Heavy Ion
Accelerator Symposia on Fundamental and Applied Science.

These symposia were first instituted 2012 by the Department of Nuclear Physics at the Australian
National University. This year the symposium has an international focus with the following research
topics

• Nuclear Structure and Nuclear Data
• Accelerator Mass Spectrometry Applications
• Nuclear Astrophysics
• Nuclear Reactions
• New Instrumentation for Nuclear Science and Applications

We are delighted to have received a strong response with more than 80 participants attending the
Symposium. The contributions constitute a diverse program with a wide range of topics.

We gratefully acknowledge our sponsors Buckley Systems, Scitek Technologies for Science, the Re-
search School of Physics and NCRIS.We thank Stefan Pavetich for taking on the time-consuming task
of compiling this abstract booklet, Steve Tims for setting up the HIAS website and Petra Rickman for
her outstanding role conference secretary.

Details about Wi-Fi access can be found on the inside cover of this book. The conference proceedings
will be published in the EPJ Web of Conferences, referenced in SCOPUS and Web of Science, and
freely available on the web.

September brings spring to Canberra and we hope for good weather and lively discussions that bride
different research areas during this week. We wish you a productive and enjoyable time at the Sym-
posium.

Tibor Kibédi, Anton Wallner
Co-Chairs, organising committee

Contact Information

E-mail: hias@anu.edu.au
Tel: 02 612 52083
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Code of Conduct

The Heavy Ion Accelerator Symposium 2019 is dedicated to providing a positive respectful confer-
ence experience for everyone regardless of their gender, gender identity and expression, sexual orien-
tation, disability, physical appearance, body size, race, age, socio-economic background or religion.
We welcome diversity and recognise that the Symposium is better for it. We want to provide an en-
vironment that is free from discrimination, vilification, harassment, bullying and victimisation and
characterised by respect. Therefore, we do not tolerate harassment of Symposium participants
in any form. Sexual language and imagery is not appropriate at any time during the conference, in-
cluding talks. Symposium participants violating these rules may be sanctioned or expelled from the
conference (without a refund) at the discretion of the conference organisers.

Harassment includes: offensive verbal or written comments (related to gender, gender identity and
expression sexual orientation, disability, physical appearance, body size, race, religion); sexual images
in public spaces; deliberate intimidation; stalking; following; harassing photography or recording;
sustained disruption of talks or other events; inappropriate physical contact; and unwelcome sexual
attention including harassment by electronic (and social) media. Participants asked to stop behaviour
considered as harassing are expected to comply immediately.

All attendees are subject to the Code of Conduct policy. All presenters should ensure that they do not
use sexualized images, activities, or other material.

If a participant engages in harassing behaviour, the Symposium organizers may take any action they
deem appropriate, including warning the offender, cutting short their presentation or expulsion from
the conference. If you are being harassed, notice that someone else is being harassed, or have any
other concerns, please contact one of the conference organisers immediately.

The organisers will be happy to help participants contact police, provide escorts, or otherwise assist
anyone experiencing harassment to feel safe for the duration of the Symposium.

We value your attendance and appreciate your active support in making our Symposium inclusive.

Contact details:

E-mail address for organisers: hias@anu.edu.au
ANU Security: 02 6125 2249
Local police: 02 6256 7777
For all emergencies please call: 000

We expect participants to follow these rules at all event venues and event-related social events.
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Conference Organisation

Local Organising Committee

Tibor Kibédi (Symposium Co-Chair)
Anton Wallner (Symposium Co-Chair)
Mahanda Dasgupta
Michaela Froehlich
Greg Lane
Nikolai Lobanov
AJ Mitchell
Stefan Pavetich
Petra Rickman
Cédric Simenel
Edward Simpson
Andrew Stuchbery
Stephen Tims

Conference Secretaries

Petra Rickman
Sonja Padrun

Scientific Advisory Committee

Mahananda Dasgupta
Michaela Froehlich
David Hinde
Tibor Kibédi
Greg Lane
Andrew Stuchbery
Anton Wallner

Proceedings Editorial Committee

AJ Mitchell
Dominik Koll
Stefan Pavetich

Conference Proceedings

We strongly encourage all presenters to contribute to the HIAS 2019 conference proceedings. These
will be published open source in electronic form as a regular volume of the journal EPJWeb of Confer-
ences (see Vol 123 for the HIAS 2015 conference proceedings). Contributions will be peer-reviewed
to assess their suitability for publication.

The ProceedingsGuidelines for authors preparingmanuscripts are available on the conferencewebsite.
Contributions should be prepared using the LaTeX (preferred) or Word templates provided. Please
note that the deadline for submission of contributions is Friday 1st of November 2019. Submissions
should be emailed to the conference secretary at hias@physics.anu.edu.au.

You should already have signed the appropriate copyright permissions form at the registration desk.
If not, please contact a member of the local organising committee.
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HIAS 2019 Program

Registration and all lunch and tea breakswill be held in the foyer of the Hedley Bull Centre, just outside
the lecture theatre. The welcome reception will be held at the Department of Nuclear Physics, which
is a 5-10 min walk from the Hedley Bull Centre. The symposium dinner will be held at University
House, across the road from the Hedley Bull Centre.

Monday, 9th September

08:30 -- 09:30 Registration

09:30 -- 10:00 Opening session Chair: T. Senden

09:30 W. Bell Traditional Welcome to Country

09:40 T. Kibédi, A. Wallner Welcome

K. Nugent (DVC-R) Conference Opening

10:00 -- 11:00 Session 1 Chair: J.M. Allmond

10:00 A. E. Stuchbery The Heavy Ion Accelerator Facility: Research Achieve-
ments and Aspirations

p69

10:30 J.L. Wood Universal, exclusive role of seniority and shape coexistence
at closed shells

p77

11:00 -- 11:30 Morning Tea

11:30 -- 12:40 Session 2 Chair: S. Courtin

11:30 K.J. Cook Unravelling the mechanisms for suppression of complete fu-
sion in reactions of 7Li

p26

12:00 C. Müller-Gatermann Shape coexistence in the neutron-deficient nuclei near Z=82 p52

12:20 M. Martschini Ion-Laser InterAction Mass Spectrometry and the quest for
AMS of 182Hf

p48

12:40 -- 14:00 Lunch

7



HIAS Heavy Ion Accelerator Symposium
9–13 September 2019

Australian
National
University

14:00 -- 15:30 Session 3 Chair: P. Collon

14:00 S. Antić Neutron stars from crust to core with quark-meson coupling
model

p18

14:30 S. Herb The status of the new AMS device for medium mass isotopes
at the Cologne University

p39

14:50 J. Gerl Status of the FAIR project p35

15:10 E.A. Maugeri Production of exotic radionuclides targets for nuclear as-
trophysics experiments

p49

15:30 -- 16:00 Afternoon Tea

16:00 -- 17:30 Session 4 Chair: R. Golser

16:00 D. Fink Constraining the age of Aboriginal rock art using cosmo-
genic 10Be and 26Al dating of rock shelter collapse in the
Kimberley region, Australia.

p32

16:30 T.J. Gray Enhanced collectivity of neutron-rich 129Sb beyond the
particle-core coupling scheme

p37

16:50 L.T. Bezzina Examining equilibration in heavy ion fusion using precision
cross section measurements of the compound nucleus 220Th

p23

17:10 J. Stuchbery The ANU Heavy Ion Accelerator Facility External Beam
Line

p70

17:30 Walk to Department of Nuclear Physics
18:00 Welcome reception at the Department of Nuclear Physics

8
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Tuesday, 10th September

09:00 -- 10:30 Session 5 Chair: D. Fink

09:00 W. Kutschera The movements of Alpine glaciers throughout the last
10,000 years as sensitive proxies of temperature and climate
changes

p45

09:30 E. Prasad Effect of N/Z and dissipation in the fission of 212,214,216Ra
nuclei via neutron multiplicity measurements

p58

09:50 R. Banik Exploring the structure of Xe isotopes in A∼130 region:
Single particle and Collective excitations

p21

10:10 P. Papadakis A study of the excited 0+ states in 188Pb p54

10:30 -- 11:00 Morning Tea

11:00 -- 12:30 Session 6 Chair: F.G. Kondev

11:00 E. Ideguchi Shape coexistence in mass 40 region studied via E0 and
gamma transitions

p41

11:30 T. Tanaka Study of Barrier Distributions from Quasielastic Scattering
Cross Sections towards Superheavy Nuclei Synthesis

p73

11:50 G. Savard Constraining the conditions for r-process nucleosynthesis
via nuclear measurements at CARIBU

p61

12:10 D. Koll Evidence for Recent Interstellar 60Fe on Earth p42

12:30 -- 14:00 Lunch & Conference Photo

14:00 -- 15:30 Session 7 Chair: M.A.C. Hotchkis

14:00 S. Courtin News on the Carbon Burning at Astrophysical Energies p28

14:30 K.M. Wilcken Curious case of 26Al accelerator mass spectrometry p76

14:50 Z. Slavkovská Combining activation technique and AMS for s-process
measurements

p65

15:10 B.P. McCormick Modelling hyperfine interactions to perform picosecond-
lifetime Nuclear g-factor Measurements

p50

15:30 -- 16:00 Afternoon Tea

9
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16:00 -- 17:30 Session 8 Chair: A.E. Stuchbery

16:00 J.M. Allmond Coulomb-Excitation and Beta-Decay Studies of 104,106Mo
at CARIBU with the New EBIS

p17

16:30 S.M. Mullins Sub-Saharan Climatic Catastrophe Forewarned by AMS p53

16:50 M. Schiffer Ion Beam Techniques for Nuclear Waste Management p63

17:10 B. Tee Penetration effect on internal conversion for the 35.5 keV
M1 l-forbidden transition in 125Te following the EC-decay
of 125I

p74
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Wednesday 11th September

09:00 -- 10:30 Session 9 Chair: M. Dasgupta

09:00 B.B. Back Opportunities for detailed fission studies using light,
charged particle reactions

p20

09:30 R. Dressler Measurement of the 53Mn(n,γ) cross-section at stellar en-
ergies

p30

09:50 M. Caamaño Fresco Structure of superheavy 7H p24

10:10 S. Pavetich Single atom counting of 55Fe for explosive stellar nucle-
osynthesis studies

p57

10:30 -- 11:00 Morning Tea

11:00 -- 12:30 Session 10 Chair: H. Watanabe

11:00 F.G. Kondev Masses and Beta-Decay Spectroscopy of Neutron-Rich Nu-
clei: Isomers and Sub-shell Gaps with Large Deformation

p43

11:30 N. Grover Fragmentation analysis of 88Mo∗ compound nucleus in view
of different decay mechanisms

p38

11:50 T.K. Eriksen Improved precision on the experimental E0 decay branch-
ing ratio of the Hoyle state

p31

12:10 M. Schiffer Measurement of small and ultra-small 14C samples p62

12:30 -- 14:00 Lunch

14:00 -- 15:40 Session 11 Chair: M. Paul

14:00 A.M. Smith Cosmogenic radionuclides as signatures of past Solar storm
events

p66

14:30 S.W. Yates Relevance of the Nuclear Structure of the Stable Ge Isotopes
to the Neutrinoless Double-Beta Decay of 76Ge

p78

15:00 B.M.A. Swinton-Bland Systematic Study of Quasifission in 48Ca-Induced Reactions p72

15:20 M.A.C. Hotchkis Achieving the ultimate sensitivity in Accelerator Mass Spec-
trometry of high mass isotopes

p40

15:40 -- 16:00 Afternoon Tea

16:00 -- 18:00 Break out discussion

11
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18:00 Conference dinner at University House

19:30 L.L. Riedinger Changing Picture of EnergyGeneration in Australia and the
U.S.

p59
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Thursday, 12th September

09:00 -- 11:00 Session 12 Chair: B.B. Back

09:00 K. Sekizawa Time-Dependent Hartree-Fock Theory and Its Extensions
for the Superheavy Element Synthesis

p64

09:30 R. Golser Ion Laser Interaction AMS: Why poor gas gives pure beams p36

10:00 P. Papadakis The MARA Low-Energy Branch – towards day 1 p55

10:20 D. Robertson Recent and Future Underground Low-Energy Nuclear As-
trophysics Experiments

p60

10:40 S. Merchel Sample preparation for AMS astrophysics projects – Size
does (not) matter

p51

11:00 -- 11:30 Morning Tea

11:30 -- 12:50 Session 13 Chair: A.M. Smith

11:30 M. Paul Study of Astrophysical s-Process Neutron Capture Reac-
tions at the High-Intensity SARAF-LiLiT Neutron Source

p56

12:00 R. Lozeva Beyond 132Sn p47

12:30 B.J. Coombes Emergence of nuclear collectivity through 4+1 g factors in
124−130Te

p27

12:50 -- 14:00 Lunch

14:00 -- 15:20 Session 14 Chair: T. Kibédi

14:00 A.J. Krasznahorkay Confirmation the existence of the X17 particle p44

14:30 G. Benzoni Shape Evolution in Ni isotopic chain p22

15:00 M.A. Stoyer Fission Product Yield Measurements from Neutron Induced
Fission of 235,238U and 239Pu

p68

15:20 -- 16:00 Afternoon Tea
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16:00 -- 17:30 Session 15 Chair: S.W. Yates

16:00 A. Gargano Realistic shell model and nuclei around 132Sn p33

16:30 K. Stübner AMS measurements of cosmogenic nuclide concentrations
resolve mountain landscape evolution and the glacial his-
tory in the Pamir, Central Asia

p71

16:50 P.D. Stevenson Role of the surface energy in heavy-ion collisions p67

17:10 M.S.M. Gerathy Gamma-electron spectroscopy with Solenogam: Isomeric
Decay in 145Sm

p34
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Friday 13th September

09:00 -- 10:20 Session 16 Chair: A. Gargano

09:00 H. Watanabe Shell evolution and isomers below 132Sn: Spectroscopy of
neutron-rich 46Pd and 47Ag isotopes

p75

09:30 P. Collon Low-energy injection and AMS beamline upgrade at the
NSL and 36Cl production in X-wind model revisited

p25

10:00 J.T.H. Dowie Exploring shape coexistence between doubly magic 40Ca
and 56Ni through pair-conversion spectroscopy

p29

10:20 -- 11:00 Morning Tea

11:00 -- 12:15 Session 17 Chair: A. Wallner

11:00 A. Arazi Iodine isotopes in rainwater from Argentina: First 129I de-
position rates reported for the Southern Hemisphere

p19

11:20 G.J. Lane SABRE and the Stawell Underground Physics Laboratory:
DarkMatter Research at the Australian National University

p46

11:50 A. Wallner, T. Kibédi Closing

12:15 -- 13:00 Lunch

13:00 Departure
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Coulomb-Excitation and Beta-Decay Studies of 104,106Mo at CARIBU with 

the New EBIS 

J.M. Allmond1 
1 Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831 

Collective shape degrees of freedom have been a major direction in the study of the nuclear 

finite many-body problem for over 50 years. There is widespread evidence for quadrupole 

deformations, primarily of large prolate spheroidal deformation with axially symmetric rotor 

degrees of freedom. This naturally leads to the question of whether or not axially asymmetric 

rotor degrees of freedom are exhibited by any nuclei, with the implication of triaxial shapes. 

With respect to best cases for observation of triaxial shapes near the ground state, two regions 

stand out. The first is the Os-Pt region and the second is the neutron-rich Mo-Ru region, 

where low-energy 22
+ states are consistent with such an interpretation. Furthermore, the 

neutron-rich Mo-Ru region is expected to undergo a relatively rare instance of prolate-to-

oblate shape evolution. Recent results from Coulomb-excitation and beta-decay studies of 

neutron-rich Mo-Ru isotopes will be presented. These experiments were conducted at the 

CARIBU-ATLAS facility of ANL using GRETINA-CHICO2. A survey of the equipment, 

techniques, and results will be presented. In addition, a comparison of 106Mo Coulomb-

excitation data with the old ECR and new EBIS ion sources will be highlighted. 

*This material is based upon work supported by the U.S. Department of Energy, Office of

Science, Office of Nuclear Physics. 
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Neutron stars from crust to core with quark-meson 
coupling model

   S. Antic,1 and A.W. Thomas1

1CSSM, Department of Physics, University of Adelaide SA 5005 Australia

Recent years continue to be an exciting time for the neutron star physics, providing many new 
observations and insights to these natural ’laboratories’ of cold dense matter. To describe them, 
we are introducing the quark-meson coupling model that stands out among many others on the 
market with the natural inclusion of hyperons as dense matter building blocks and the small 
number of parameters necessary to obtain the nuclear matter equation of state [1]. The latest 
advances of QMC model and its application to the neutron star physics will be presented, starting 
from their outer crust nuclei content and moving inwards up to the high core densities of todays 
heaviest known neutron stars [2].

[1] P. A. M Guichon, J. Stone, A.W. Thomas, Prog. Part. Nucl. Phys. 100, 262-297 (2018).

[2] T. Motta, A.M. Kalaitzis, S. Antić, P. A. M Guichon, J. Stone, A.W. Thomas, arXiv:1904.03794

(2019).
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 Iodine isotopes in rainwater from Argentina: 

First 129I deposition rates reported for the Southern Hemisphere

A.E. Negri,1,2 A. Arazi,2,3  J. Fernández Niello,1,2,3 D. Martinez Heimann,1,2 M. Paparas,4

A. Wallner,5 M. Fröhlich,5 S. Pavetich,5 S.G. Tims,5 L.K. Fifield,5 and M.E. Barlasina4

1 Instituto de Investigación e Ingeniería Ambiental, Universidad Nacional de San Martín, San

Martín, Argentina
2 CONICET, Buenos Aires, Argentina

3Laboratorio TANDAR, Comisión Nacional de Energía Atómica, San Martín, Argentina
4 Servicio Meteorológico Nacional, Buenos Aires, Argentina

5 Department of Nuclear Physics, The Australian National University, ACT 2601, Australia

Iodine  is  a  very  mobile  element  which follows  a  complex  geochemical  cycle,  including

evaporation,  dry and wet  deposition,  and transportation  by wind and ocean currents.  The

interchange  processes  in  this  cycle  can  be  experimentally  traced  by  the  long-lived

radionuclide  129I,  which  is  produced  by  natural  and  now  dominantly  by  anthropogenic

processes.  For using  129I as a global tracer, in particular, to assess the interchange between

Northern and Southern Hemispheres,  comprehensive  worldwide data are necessary. While

plenty of 129I concentration measurements were performed in the Northern Hemisphere, scarce

data  are  available  for  the  Southern  one.  In  this  work,  concentration  of  iodine  isotopes,

deposition  of  129I  and  129I/127I  ratios  in  rainwater  samples  from  several  stations  across

Argentina were analyzed aiming to assess current distribution patterns and potential sources

of  atmospheric  iodine  in  the  region.  The gathered  data  imply  a  higher  than  expected  129I

deposition flux, indicating the existence of another source besides natural contribution and

recycling from nuclear weapons fallout. Nuclear fuel reprocessing plants in western Europe

look as candidates as only a minute fraction of their emissions entering the austral hemisphere

would give account of the 129I excess found in this work.  Moreover, a four-year (2011-2014)

monthly sampled rainwater time series from Buenos Aires was studied. This set presents high

isotopic ratio variability, suggesting the mix of material from sources with different isotopic

mark in the region. Retrospective monthly  129I deposition flux in Buenos Aires after French

nuclear tests during 1960s and 1970s in Polynesia are also reported.
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Opportunities for detailed fission studies using light, charged particle

reactions 

B.B. Back1

1Argonne National Laboratory, Lemont, Illinois 60439, USA

Since  its  discovery  in  1939,  the  nuclear  fission  process  provides  much  insight  into  the

behavior of nuclei under many different conditions. As part of the nuclear chain reaction, the

fission process has had a profound impact on modern society and it has consequently attracted

much attention to the field of nuclear physics.

In this talk, I will argue that the time is ripe for a resumption of studies of the fission process

induced by light, charged particle reactions. Although nuclear fission can be induced in heavy

nuclei by several means, in some cases by forming highly excited nuclei by heavy-ion fusion

or multi-nucleon transfer reactions, these methods suffer from the complication that fission

can occur at several points during the decay chain thus mixing up contributions from different

excitation  energies.  Using  instead  light  charged  particle  reactions  to  excite  the  nuclei  in

question, the precise excitation energy from which fission takes place, can be determined. In

fact, a number of such studies we carried out previously, and a first set of results on fission

barrier heights, mass, energy and angular distributions were obtained.

Applying  detection  techniques  developed  over  the  last  decades,  will  allow researchers  to

obtain detailed, high-quality data from which to probe and refine our present understanding of

the process. In the meantime, more fundamental theories have been developed that will allow

for a deeper understanding of the fission process. Based on these observations, I suggest that

substantial  advances  in  the  study of  this  process  can  be  achieved  by using  simple  light,

charged-particle reactions.

This  material  is  based  on  work  supported  by  the  U.S.  Department  of  Energy,  Office  of

Science, Office of Nuclear Physics under contract number DEAC02-06CH11357.
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Exploring the structure of Xe isotopes in A~130 region: Single particle and

Collective excitations

R. Banik1,2 et. al.
1Variable Energy Cyclotron Centre, Kolkata, India

2Homi Bhabha National Institute, Mumbai, India

The  existence  of  variety  of  nuclear  shapes  and  their  coexistences  are  the  results  of  the

complicated interplay between the single-particle and the collective motions of the nucleus.

The structures of nuclei around the doubly magic shell closure 132Sn (N = 82 and Z = 50) are

of  contemporary  interest  to  obtain  the  information  on both  single  particle  and  collective

modes of excitations. Isotopes with a few proton particles and neutron holes with respect to

the shell closure give us the unique opportunity to investigate the low lying single particle

level  structures,  which in  turn helps  us  to  understand the  effective  nucleon-nucleon shell

model residual interactions. The Xe (Z=54) nuclei in A~130 transitional region are important

links between the spherical and deformed shapes. Coupling of valance nucleons in high-j

orbitals in the high-spin regime forms a variety of band structures. In odd-A Xe nuclei, the

valence neutron in high-j orbital is responsible in generating different band structures. 125Xe is

known to have band structures based on prolate deformation [1], whereas 127,129Xe are reported

to have significant triaxiality [2, 3]. But data on the next Xe isotopes are very limited [4, 5]. In

this mass region, the even mass Xe isotopes are potential candidates for investigation of E(5)

symmetry  breaking  since  the  experimental  R4/2 ratios  are  very  close  to  the  theoretical

predicted values [6,7].

In the present work, excited levels of  130,131Xe were populated via the reaction  130Te (α, xn)
130,131Xe, at a beam energy of 38 MeV, delivered from the K-130 cyclotron at Variable Energy

Cyclotron  centre  (VECC),  Kolkata.  The  Indian  National  Gamma Array  (INGA)  setup  at

VECC, consisting of seven Compton suppressed Clover detectors, were used for the detection

of γ rays. Digital data acquisition system consisting of PIXIE-16 digitizer modules was used

to acquire the time stamped LIST mode data [8].

In the present work, 67 new transitions have been placed in the level scheme of  131Xe. The

Yrast negative parity band in 131Xe is seen above the band crossing frequency and the possible

signature partner of this band is also observed. Presence of several band structures is also

established from the present work. The new results are explained in terms of large scale shell

model (using NUSHELLX) and TRS calculations. New transitions are identified at lower spin

region in  130Xe which carries the information about E(5) symmetry breaking. Details of this

work will be presented at the conference.

[1] A. Al-Khatib et. al., Phys. Rev. C 83, 024306 (2011).

[2] S. Chakraborty et. al., Phys. Rev. C 97, 054311 (2018).

[3] Y. Huang et. al., Phys. Rev. C 93, 064315 (2016).

[4] A. Kerek et. al., Nucl. Phys. A 172, 603 (1971).

[5] L. Kaya et. al., Phys. Rev. C 98, 014309 (2018).

[6] R. M. Clark et. al., Phys. Rev. C 69, 064322 (2004).

[7] L. Goettig et. al. Nucl. Phys. A 357, 109 (1981).

[8] S. Das et. al, NIM, A 893, 138 (2018).
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Shape Evolution in Ni isotopic chain 
G. Benzoni1

1INFN, Sez. Milano, Via Celoria 16, 20133 Milano, Italy

Shape-transitional phenomena are indicators of alterations in the normal-order configuration

of protons and neutrons. For exotic nuclei, they may prelude the discovery of new nuclear

regions in which the ground states are dominated by deformed intruder configurations, the so-

called islands of inversion. Shape transitions can also take place with excitation energy or

angular momentum, leading to the coexistence of different shapes within the same nucleus [1].

The nuclear region around 78Ni, close to the classic shell closures with Z=28 and N=50, has

attracted great attention in recent years in particular addressing the evolution of nuclear shapes.

Going from the more stable to the very exotic systems a variety of phenomena are encountered,

starting from the existence of shape isomerisms found in 66Ni [2] to coexistence of shapes,

measured in the heavier systems 68−72Ni [3, 4].

The Ni isotopic chain has been investigated by the Milano gamma-spectroscopy group ex-

ploiting several mechanisms, starting from sub-barrier fusion to β decay, in campaigns per-

formed in world-leading facilities.

An overview of recent results in the Ni isotopic chain will be reported in this talk.

[1] K. Heyde, J. L. Wood, Rev. Mod. Phys. 83, 1467 (2011).

[2] S. Leoni et al., Phys.Rev.Lett. 118, 162502 (2017).

[3] A.I. Morales et al., Phys.Rev. C 93, 034328 (2016).

[4] A.I. Morales et al., Phys.Lett. B 765, 328 (2017).
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Examining equilibration in heavy ion fusion using precision

cross section measurements of the compound nucleus 220Th

L.T. Bezzina,1 E.C. Simpson,1 M. Dasgupta,1 and D. J. Hinde1

1Department of Nuclear Physics, The Australian National University, ACT 0200, Australia

Heavy-ion fusion is a complex, many-body quantum process, whereby two separate nuclei

merge to form a single, compact compound nucleus. It is intrinsically dissipative, requiring the

kinetic energy of the collision to be dispersed into a multitude of internal nucleonic excitations.

Existing models of fusion, accounting for the coherent superposition of collective excited

states [1], have been quite successful in predicting the outcome of fusion at energies near

and below the fusion barrier. Crucially, however, these models do not explicitly treat the

progression of the system from a fully coherent quantum state to the thermalised, compact

compound nucleus. As a consequence, predictions of fusion cross sections at above barrier

energies with these models may disagree with experiment by up to a factor of 2 [2].

Determining the variables which control this thermalisation is a key step in understanding

the progression towards a fully energy-dissipated compound nucleus. One variable thought

to be important is the amount of nuclear matter overlap at barrier radius. This matter overlap

is controlled by the entrance channel charge product, ZpZt. Experimental studies of the

same compound nucleus formed using differing ZpZt will reveal how this variable influences

compound nucleus formation.

This talk will outline the experimental program designed to measure the outcomes following

compound nucleus formation: evaporation residue (ER) formation and fusion-fission. Measur-

ing the cross section of compound nucleus decay modes will then allow quantification of other

collision outcomes that are otherwise indistinguishable from the fusion-fission mode, in partic-

ular, quasi-fission, which is known to suppress fusion. A presentation of the development of the

method to extract high-precision ER cross sections will be included, along with benchmarking

reactions and initial data from the new 8T version of the SOLITAIRE experiment [3]. Prelim-

inary fission cross sections measured with the ANU CUBE fission spectrometer will also be

presented.

[1] M. Dasgupta et al. Measuring barriers to fusion, Annu. Rev. Nuc. Part. Sci. 48, 401 (1998).

[2] J. O. Newton, Systematic failure of the Woods-Saxon nuclear potential to describe both fusion and

elastic scattering: Possible need for a new dynamical approach to fusion, Phys. Rev. C. 70, 024605

(2004).

[3] M. D. Rodrı́guez et al., SOLITAIRE: A new generation solenoidal fusion product separator, Nucl. In-

strum. Meth. A 614, 119 (2010).
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Structure of superheavy 7H

M. Caama  ño   Fresco1

1Universidade de Santiago de Compostela

While the foundations of our current knowledge in nuclear physics are based on the properties

of stable isotopes, the new phenomena that appear as we move away from stability, in systems

with unbalanced neutron–to–proton ratios, are key to improve the nuclear models and thus our

understanding of nuclear matter. In this respect, the most extreme neutron–to–proton ratio is

found in the  7H resonance, the heaviest of the hydrogen isotopes and, so far, the last of the

longest isotopic chain of nuclei outside the binding limits of the nuclear chart. The description

of its  basic  properties,  even its  sheer existence,  is  still  a challenge for current theoretical

models and experimental efforts. Here we discuss the first measurement of the characteristics

and structure of the  7H ground state.  These new and comprehensive experimental  results,

including the differential cross section, depict a low–lying, almost bound resonance with a

relatively long half–life. The measured properties are consistent with a 3H core surrounded by

an  extended  dineutron  condensate  that  decays  through  a  unique  four–neutron  emission,

showing the cohesive effect of neutron pairing within an almost–pure neutron environment.

These  properties  are  unique  inputs  and  a  stringent  test  for  models  dealing  with  extreme

nuclear  scenarios  such  as  neutron  condensates,  the  possible  existence  of  a  tetra–neutron

system or the conditions of nuclear matter in the crust of neutron stars.”
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Low-energy injection and AMS beamline upgrade at the NSL and 36Cl

production in X-wind model revisited

P. Collon,1 T. Anderson,1 M. Caffee,2,3 L. Callahan,1 G. Chmiel,2 A. Clark,1 A. Nelson,1 

M. Paul,4 M. Skulski,1 and T. Woodruff2

1 Nuclear Science Laboratory, University of Notre Dame
2Department of Physics and Astronomy/PRIME Lab, Purdue University

3Department of Earth, Atmospheric, and Planetary Sciences, Purdue University

4 Physics Department, Hebrew University of Jerusalem

In conjunction with the upgrade of the Nuclear Science Laboratory’s (NSL) FN-tandem’s low

energy (LE) injection beamline in 2016-17, the AMS beamline was upgraded in 2018-19 and a

Time-of-Flight section was added. In addition to the improved selectivity, the new system also

provides off-axis Faraday cups for stable beam monitoring as well as sequential beam injection.

The new capabilities greatly improve the precision of  Accelerator Mass Spectrometry (AMS)

measurements and the talk will present new results made with the system, in particular results

associated with the production of 36Cl for X-Wind models in the Early solar system.

In  a  previous  measurement  performed  by  Bowers  et  al.  (2013)  [1],  the  cross  section  of

the 33S(α,p)36Cl reaction was studied using a combination of activation of a 4He gas cell  and

analyzing the produced 36Cl via AMS over an energy range of 0.7 – 2.42 MeV/A. The result of

this  measurement  was a  significantly higher  yield  of 36Cl than usually predicted  by Hauser-

Feshbach cross  section  calculations  [1]. A new experimental  campaign in  collaboration  with

PRIMELAB of Purdue University was started to confirm the production cross section of this

reaction, which contributes significantly to the abundance of 36Cl in the Early Solar System and

is an important input in solar irradiation models [2]. 

In addition a new campaign to measure the 34S(3He,p)36Cl production cross-section in the same

energy  range  was  recently  performed  at  Notre  Dame.  Results  of  the  33S(α,p)36Cl   re-

measurements [3] as well as the new 34S(3He,p)36Cl  campaign will be presented.

[1] “First experimental results of the 33S(α,p)36Cl cross section for production in the early

Solar System.” M. Bowers, P. Collon, Y. Kashiv, W. Bauder, K. Chamberlin, W. Lu, D.

Robertson, C. Schmitt. 2013, Nucl. Instr. and Meth. B 294, pp. 491-495.

[2] “Did Solar Energetic Particles Produce the Short-lived Nuclides Present in the Early

Solar System?” J.N. Goswami, K.K. Marhas and S. Sahijpal. 2001, Astrophys. J. 549, p.

1151. 

[3] “The  33S(α,p)36Cl cross section revisited” Tyler Anderson, Michael Skulski,  Adam

Clark, M. Beard, P. Collon, Y. Kashiv, Austin Nelson, K. Ostdiek, D. Robertson, Thomas

Woodruff, Phys. Rev C 96 015803 (2017)
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Unravelling the mechanisms for suppression of complete

fusion in reactions of 7Li

K.J. Cook,1, 2 E.C. Simpson,1 L.T. Bezzina,1 M. Dasgupta,1

D.J. Hinde,1 K. Banerjee,1 A.C. Berriman,1 and C. Sengupta1

1Department of Nuclear Physics, The Australian National University, ACT 0200, Australia
2Department of Physics, Tokyo Institute of Technology,

2-12-1 O-Okayama, Meguro, Tokyo 152-8551, Japan

A long-standing problem affecting the studies and uses of light weakly-bound nuclei is

the observed suppression of above-barrier complete fusion (e.g. [1]) by ∼ 30% relative to

calculations and to measurements for comparable well-bound systems. The mechanism for

the suppression of complete fusion has long been thought to be due to projectile breakup

prior to reaching the fusion barrier. However, recent work [2–5] has shown that the yields

and characteristic timescales of breakup cannot explain the degree of fusion suppression.

Therefore, an additional mechanism must be involved.

To investigate this mechanism, we performed comprehensive measurements of the energy

and angles of singles and coincidence protons, deuterons, tritons and α-particles produced in

above-barrier reactions of 7Li + 209Bi. By subtracting the double-differential cross-sections

for α-particles produced in no-capture breakup from those of the inclusive prompt α-particles,

we extract the double-differential cross-sections for α-particles unaccompanied by any other

charged fragment. These unaccompanied α-particles are produced in the same reactions

forming the polonium incomplete fusion product (whose presence is associated with complete

fusion suppression).

We demonstrate that characteristics of these unaccompanied α-particles are inconsistent with

the conventional picture of breakup of 7Li followed by capture of a Z=1 fragment. We show that

the measured distributions are in fact consistent with direct triton cluster transfer. Furthermore,

coincidence measurements between projectile-like fragments and decay α-particles from the

short-lived ground-state decay of 212Po allows the first direct determination of their production

mechanism, namely, triton transfer.

Crucially, our results [6] indicate that the suppression of complete fusion is primarily a conse-

quence of innate clustering of weakly-bound nuclei, rather than of breakup [7].

[1] M. Dasgupta, D.J. Hinde, et al., Phys. Rev. Lett. 82, 1395 (1999)

[2] K. J. Cook, E. C. Simpson, et al., Phys. Rev. C 93, 064604 (2016)

[3] E. C. Simpson, K. J. Cook, et al., Phys. Rev. C 93, 024605 (2016)

[4] Sunil Kalkal, E. C. Simpson, et al., Phys. Rev. C 93, 044605 (2016)

[5] K. J. Cook, I. P. Carter, et al., Phys. Rev. C 97, 021601(R) (2018)

[6] K.J. Cook, E.C. Simpson, et al., Phys. Rev. Lett. 122, 102501 (2019)

[7] Jin Lei and Antonio M. Moro, Phys. Rev. Lett. 122, 042503 (2019)
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Emergence of nuclear collectivity through 4
+
1 g factors in

124−130Te

B.J. Coombes,1 A.E. Stuchbery,1 J.M. Allmond,2 J.T.H. Dowie,1 G. Georgiev,3

M.S.M. Gerathy,1 T.J. Gray,1 T. Kibédi,1 G.J. Lane,1 A.J. Mitchell,1 N.J. Spinks,1 and B. Tee1

1Department of Nuclear Physics, The Australian National University, ACT 0200, Australia
2Physics Division, Oak Ridge National Laboratory, Oak Ridge, TN37831, USA

3CSNSM, CNRS/IN2P3; Université Paris-Sud,

UMR8609, F-91405 ORSAY-Campus, France

The emergence of collectivity along isotopic chains gives essential information as to the degrees

of freedom important in creating collectivity. Typically, the onset of collectivity has been stud-

ied through E2 observables which are not very sensitive to the underlying particle structure.

The measurement of g factors allows the underlying single-particle structure to be sensitively

probed. The 2+, 4+, and 6+ states in the Te isotopes begin as (πg7/2)
2 states in the semi-magic

134Te. As neutrons are removed below N = 82, the single particle nature of the low-lying states

becomes more mixed and collective structures emerge. The objective of this work is to observe

the origin of collective degrees of freedom by comparing experimental g factors to shell-model

calculations.

Shell-model calculations of the even Te isotopes have predicted that along the isotopic chain

the ratio of g(4+1 )/g(2
+

1 ) proceeds from ∼1 in the semi-magic 134Te to ∼2 near the closed shell,

before converging to the collective limit g(2+) ≈ g(4+) ≈ 0.8Z/A. (See e.g. the effective

field theory calculations of Coello-Perez and Papenbrock for vibrational nuclei [1]). A similar

pattern has been observed in 130−136Xe [2, 3]. Transient-field g-factor measurements have been

performed using the ANU Hyperfine Spectrometer on separated even isotope 124−130Te targets

to measure the 4+1 state g factors relative to the g factors of the 2+1 states.
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FIG. 1: Experimental g factors of the 2
+
1

states in 122−134Te. Shell-model g factors for 128−134Te are

shown as hollow points.

[1] E.A. Coello-Pérez and T. Papenbrock, Phys. Rev. C 92, 064309 (2015).

[2] G. Jakob et al, Phys. Rev. C 65, 024316 (2002).

[3] E.E. Peters et al, Phys. Rev. C Accepted (2019).
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News on the Carbon Burning at Astrophysical Energies

S. Courtin1 for the STELLA collaboration
1 IPHC and University of Strasbourg, France

Fusion reactions play an essential  role in understanding the energy production,  the

nucleosynthesis  of chemical  elements and the evolution of massive stars.  Thus, the direct

measurement of key fusion reactions at thermonuclear energies is of very high interest. The

carbon burning in stars is essentially driven by the  12C+12C fusion reaction. This reaction is

known to show prominent resonances at energies ranging from a few MeV/nucleon down to

the sub-Coulomb regime, possibly due to molecular  12C-12C configurations in  24Mg [1]. The

persistence of such resonances down to the Gamow energy window is an interesting question.

This  reaction  could  also be subject  to  the fusion hindrance  phenomenon  which  has  been

evidenced for medium mass nuclei and measured in numerous systems [2].

This contribution will discuss recent measurements performed in the 12C+12C system at deep

sub-barrier energies using the newly developed STELLA apparatus associated with the UK

FATIMA detectors for the exploration of fusion cross-sections of astrophysical interest [3].

Gamma-rays have been detected in an array of LaBr3 detectors and protons and alpha particles

were identified in double-sided silicon-strip detectors. A novel rotating target system has been

developed able to sustain high intensity carbon beams delivered by the Andromede facility of

the  University  Paris-Saclay  and  IPN-Orsay  (France).  The gamma-particle  coincidence

technique as well as nanosecond timing conditions have been used in the analysis in order to

minimize background. This has allowed to obtain astrophysical S factors down to the Gamow

window which will be presented and discussed in the frame of previous experimental results

and theoretical calculations on the deep sub-barrier 12C+12C fusion reaction. 

[1] D. Jenkins and S. Courtin J. Phys. G: Nucl. Part. Phys. 42  034010 (2015).

[2] C.L. Jiang et al., Phys.Rev. Lett. 89  052701(2002).

[3] M. Heine et al., Nucl. Inst. Methods A 903, 1 (2018).
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Exploring shape coexistence between doubly magic 40Ca and
56Ni through pair-conversion spectroscopy

J.T.H. Dowie,1 T. Kibédi,1 H. Hoang,2 M. Kumar Raju,2 E. Ideguchi,2 A. Avaa,3, 4 M.V.

Chisapi,3, 5 P. Jones,3 A.A. Akber,1 B. Coombes,1 T.K. Eriksen,1 M.S.M. Gerathy,1

T.J. Gray,1 G.J. Lane,1 B.P. McCormick,1 A.J. Mitchell,1 and A.E. Stuchbery1

1Department of Nuclear Physics, The Australian National University, ACT 0200, Australia
2RCNP, University of Osaka, Japan

3iThemba LABS, South Africa
4University of the Witwatersrand, South Africa

5University of Stellenbosch, South Africa

The phenomenon of shape coexistence, whereby excited states of an atomic nucleus exhibit

shapes that deviate dramatically from their ground states, appears to be ubiquitous across the

nuclear landscape. Electric monopole (E0) transitions, the only possible decay paths between

J
π
= 0

+ states, provide a unique probe into nuclear structure. The E0 strength is large when

there is a large change in the nuclear mean-square charge radius, and when there is strong

mixing between states of different deformation. E0 transitions give us a probe to examine and

understand shape coexistence [1, 2].

The region between 40Ca and 56Ni is virtually unexplored from the perspective of E0 tran-

sitions. Only the Ca isotopes and 54Fe have been investigated [3]. Recent developments in

the nuclear shell model allow for the calculation of the complete low-energy level structure and

transition rates, including E0 transitions [4]. This region is then a perfect case to explore nuclear

structure and shape coexistence through the lens of E0 transitions. In addition, the low-lying

(<4 MeV) level structure of 50Cr is not complete: there is a controversy over the position of the

0
+ states in 50Cr [5, 6]. In searching for a non-analog branch in the superallowed beta decay of

50Mn, two 0
+ states in 50Cr at 3895.0(5) and 4733(5) keV were observed by Leach et al. [6].

We sought to confirm these 0
+ states through the observation of their E0 transitions.

The 0+ states and E0 transitions in 40Ca, 50,52,54Cr, 54,56,58Fe and 58,60,62Ni were investigated

with the Super-e pair spectrometer at the ANU [8, 9] using beams from the 14UD tandem ac-

celerator. The Super-e pair spectrometer is a superconducting, magnetic-lens spectrometer for

the measurement of conversion electrons and electron-positron pairs with excellent background

suppression [7]. We will present the first pair spectra for 50,52,54Cr, 54,56,58Fe and the E0 transi-

tion strengths for these nuclei.

[1] J.L. Wood et al., Nucl. Phys. A 651, 323 (1999)

[2] E.F. Zganjar, J. Phys. G 43, 024013 (2016)

[3] T. Kibdi and R.H. Spear, At. Data and Nucl. Data Tables 89, 77 (2005)

[4] B.A. Brown et al., Phys. Rev. C 95, 011301(R) (2017)

[5] Z. Elekes, J. Timr, B. Singh, Nucl. Data Sheets 112, 1 (2011)

[6] K.G. Leach et al., Phys. Rev. C 91, 011304(R) (2016)

[7] T. Kibdi et al., The Astrophysical Journal 489, 951 (1997)

[8] L.J. Evitts et al., Phys. Lett. B 779, 396 (2018)

[9] L.J. Evitts et al., Phys. Rev. C 99, 024306 (2019)
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Measurement of the 53Mn (n, γ) cross-section at stellar energies 

J. Ulrich,1 M. Airanov,1 O. Aviv,2 A. Barak,2 Y. Buzaglo,2 H. Dafna,2 R. Dressler,1 
B. Kaizer,2 N. Kievel,1 D. Kijel,2 A. Kreisel,2 M. Paul,3 E. Peretz,3 D. Schumann,1 

P. Sprung,1 M. Tessler,2 L. Weissman,2 and Z. Yungrais2 

1 Department of Nuclear Energy and Safety, Paul Scherrer Institute, 5232 Villigen, 
Switzerland 

2 Soreq NRC, 81800 Yavne, Israel 
3 Racah Institute of Physics, Hebrew University, 91904 Jerusalem, Israel 

53Mn (t1/2 ≈ 3.7 Ma) is expected to be one of the major short-lived radioisotopes produced 
during type II supernovae explosions [1, 2]. It can undergo further nuclear reactions due to its 
long half-life, which may influence the isotopic abundances of neighboring stable isotopes. 
Additionally, it can serve as a sensitive chronometer to date processes in the early solar 
system [3] and to determine the exposure time of terrestrial material to high energetic cosmic 
radiation [4]. 

We report here on the first measurement of the Maxwellian Averaged Cross-Section (MACS) 
of 53Mn at stellar neutron energies performed at the Soreq Applied Research Accelerator 
Facility (SARAF) facility at the Soreq nuclear research center. 

The target containing ~1018 atoms 53Mn was prepared using a stock solution previously 
extracted and purified from activated accelerator waste in the course of the ERAWAST 
initiative [5] at PSI. The total number of 53Mn atoms in the target was deduced from a 
retained sample via multi-collector ICP-MS measurements at PSI. 

The activation of 53Mn with neutrons of a quasi-Maxwellian spectrum of about 40 keV was 
performed using the Liquid-Lithium Target LiLiT) installation at the Soreq Applied Research 
Accelerator Facility (SARAF-) [6]. The 53Mn target was encapsulated in an aluminum holder 
and introduced into a vacuum chamber in close proximity to the neutron entrance window 
immediately behind the liquid Lithum film. 

The total accumulated neutron fluence was deduced from γ-measurements of co-activated 
gold foils mounted externally on the target holder and of natural cobalt added to the target 
material as an internal flux monitor. The 54Mn, 60Co and 198Au activities were measured 
before and after the irradiation using high-resolution γ-spectroscopy.  

[1] F.K. Thielemann, et al., Astrophys J. 460, 408 (1996) 
[2] S. Sahijpal, J. Astrophys. Astr. 35 121 (2014) 
[3] D.P. Glavin, et al., Meteor. & Planet. Sci. 39, 693 (2004) 
[4] J.M. Schaefer, et al., Earth and Planet. Sci. Lett 251, 334 (2006) 
[5] D. Schumann, et al., Radiochim. Acta 97, 123 (2009) 
[6] M. Paul, et al., Eur. Phys. J. A, 55, 44 (2019) 
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Improved precision on the experimental E0 decay branching

ratio of the Hoyle state

T.K. Eriksen,1, ∗ T. Kibédi,1 M.W. Reed,1 A.E. Stuchbery,1 A. Akber,1 B. Alshahrani,1

A. Avaa,2 K. Banerjee,1 A. Berriman,1 L. Bezzina,1 L. Bignell,1 K. Cook,1, † B.J.

Coombes,1 J.T.H. Dowie,1 M. Dasgupta,1 L.J. Evitts,3, 4 A.B. Garnsworthy,3

M.S.M. Gerathy,1 T.J. Gray,1 D. Hinde,1 T. Hoang,5 D. Hodge,6 S.S. Hota,1 E.

Ideguchi,5 P. Jones,2 G.J. Lane,1 B.P. McCormick,1 A.J. Mitchell,1 P. Nyaladzi,1

T. Palazzo,1 M. Ripper,1 J. Smallcombe,3 M. Taylor,6 T.G. Tornyi,1, ‡ and M. de Vries1

1Department of Nuclear Physics, Research School of Physics and Engineering,

The Australian National University, Canberra, ACT, Australia
2iThemba LABS, Somerset West, South Africa

3TRIUMF, 4004 Wesbrook Mall, Vancouver, British Columbia, Canada
4Department of Physics, University of Surrey, Guildford, United Kingdom

5Research Center for Nuclear Physics, Osaka University, Ibaraki, Osaka, Japan
6Nuclear Physics Group, School of Physics and Astronomy,

The University of Manchester, Manchester, United Kingdom

Stellar carbon synthesis occurs exclusively via the 3α process, in which three α particles fuse

to form 12C in the excited Hoyle state followed by electromagnetic decay to the ground state.

The Hoyle state is energetically above the α threshold, and the rate of stellar carbon production

depends directly on the radiative width of this state. The radiative width cannot be measured

directly, and must instead be deduced by combining three separately measured quantities. One

of these quantities is the E0 decay branching ratio of the Hoyle state, and the current ≈ 10%

uncertainty on the radiative width stems mainly from the uncertainty of this ratio. The rate of

the 3α process is an important input parameter in astrophysical calculations on stellar evolution,

and a high precision is imperative to constrain the possible outcomes of different astrophysical

models. We have carried out a series of pair conversion measurements of the E0 and E2 tran-

sitions depopulating the Hoyle state and 2+1 state in 12C, respectively, with the aim to deduce a

new, more precise value on the E0 decay branching ratio. The excited states were populated by

the 12C(p, p′) reaction at 10.5 MeV beam energy, and the pairs were detected with the electron-

positron pair spectrometer, Super-e, at the Australian National University. The deduced branch-

ing ratio required knowledge on the proton population of the two states, as well as the alignment

of the 2+1 state in the reaction. For this purpose, proton scattering and γ-ray angular distribution

experiments were also performed. An averaged E0 branching ratio of ΓE0
π
/Γ = 7.47(46) ·10−6,

with an uncertainty of 6%, was deduced. Based on a weighted average of previous literature

values and the new result we recommend a value of ΓE0
π
/Γ = 7.21(37) · 10−6. The new recom-

mended value on the E0 branching ratio is about 7% larger than the previous adopted value of

ΓE0
π
/Γ = 6.7(6) ·10−6, and the uncertainty has been reduced from 9% to 5%. The experimental

methods, results, and implications will be discussed in this presentation.

∗Current address: Department of Physics, University of Oslo, Norway
†Current address: Department of Physics, Tokyo Institute of Technology, O-Okayama, Meguro, Tokyo, Japan
‡Current address: Institute for Nuclear Research, The Hungarian Academy of Sciences, Debrecen, Hungary
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Constraining the age of Aboriginal rock art using cosmogenic Be-10 and 

Al-26 dating of rock shelter collapse in the Kimberley region, Australia.

G. Cazes,1 D. Fink,2 R.-H. Fülöp,1,2 and A. T. Codilean1

1 School of Earth and Environmental Sciences, University of Wollongong, 

Wollongong NSW 2522, Australia, 
2 Australian Nuclear Science and Technology Organisation (ANSTO), Menai 2234, Australia

The  Kimberley  region,  northwest  Australia,  possesses  an  extensive  and  diverse

collection  of  aboriginal  rock  art  that  potentially  dates  to  more  than  40,000  years  ago.

However, dating of such art using conventional techniques remains problematic.  Here, we

develop a new approach which makes use of the difference in production rates of in-situ 10Be

and 26Al between intact rock walls and exposed surfaces of detached slabs from rock art

shelters to constrain the age of Aboriginal rock-art. In the prevailing sandstone lithology of

the Kimberley region, open cave-like rock shelters with cantilevered overhangs evolve by the

collapse of unstable,  partially rectangular, blocks weakened typically along joint-lines and

fractures. On release, those slabs which extend outside the rock face perimeter will experience

a higher production rate of cosmogenic 10Be and 26Al than the adjacent rock which remains

intact within the shelter. 

The dating of these freshly exposed slabs can help reconstruct rock-shelter formation

and provide either maximum or minimum ages for the rock art within the shelter. At each site,

both the upper-face of the newly exposed fallen slab and the counterpart intact rock surface on

the ceiling need to be sampled at their exact matching-point to ensure that the initial  pre-

release cosmogenic nuclide concentration on slab and ceiling are identical.

The calculation of the timing of the event of slab release is strongly dependent on the local

production rate, the new shielding of the slab surface and the post-production that continues

on the  ceiling  sample  at  the  matching  point.  The  horizon,  ceiling  and slab  shielding  are

estimated  by modelling  the  distribution  of  neutron  and muon  trajectories  in  the  irregular

shaped rock-shelter and slab using 3D photogrammetric reconstruction from drone flights and

a MATLAB code (modified from G. Balco, 2014) to estimate attenuation distances and model

the production rate at each sample. Five rock-art sites have been dated and results range from

9.8±1.9 ka to 180.8±22.3 ka. While the date obtained for the youngest site can be interpreted

as both a maximum and minimum age for the art due to its positioning over different walls of

this specific shelter, all the other sites give maximum art ages which are significantly older

than  presumed  human  occupation  in  Australia.  However,  within  the  context  of  regional

landscape geomorphology, these relatively young ages give new insights into the contrasting

modes of landscape evolution in the Kimberley, and the importance of episodic escarpment

retreat  overprinted  by  passive  basin-wide  denudation  which  from  numerous  previous

measurements  are  as  low as  1-5  mm/ka  (i.e.  averaging  timescales  of  ~400 kyr).  A large

number of similar sites in the region have been mapped and are potential candidates for this

new  approach  which  can  constrain  the  controversial  relative  chronology  of  the  various

aboriginal rock art styles.
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Realistic shell model and nuclei around 
132

Sn

A. Gargano,1 L. Coraggio,1 and N. Itaco1,2

1 Istituto Nazionale di Fisica Nucleare, Complesso Universitario di Monte S. Angelo, Via

Cintia, I-80126 Napoli, Italy
2 Dipartimento di Matematica e Fisica, Università degli Studi della Campania “Luigi

Vanvitelli”, viale Abramo Lincoln 5, I-81100 Caserta, Italy

In the last ten years or so, nuclei in the mass region around 132Sn have become accessible to

experimental studies thanks to new radioactive ion beam facilities and the development of

sophisticated detection techniques.  These nuclei represent a crucial  opportunity to test  the

main ingredients of the nuclear-shell model and investigate the evolution of the shell structure

when going far from stability valley in heavy-mass nuclei.

In the light- and medium-mass regions, structural changes have been evidenced for nuclei

with a large excess of neutrons, leading to the breakdown of the traditional magic numbers

and the appearance  of  new ones.  These  findings  have driven a great  theoretical  effort  to

understand the microscopic mechanism underlying the shell evolution, with special attention

to the role of the different components of the nuclear force (see, for instance, [1]).

The  available  experimental  data  for  nuclei  around  132Sn,  which  are,  however  still  scarce

especially  for  systems  with  N>82,  have  shown  peculiar  properties  although  no  clear

signatures of modifications in the shell structure.

In this  contribution,  I  shell  focus on some selected  results  for nuclei  with a  few valence

particles and/or holes with respect to  132Sn, that have been obtained within the shell-model

framework by using a microscopic effective interaction [2]. 

Calculations  have  been  carried  out  by  assuming  a  closed  132Sn  core  and  including  the

0g9/21d2s0h11/2  and  0h9/21f2p0i13/2 orbitals  for  proton  particles/neutron  holes  and  neutron

particles,  respectively.  A  unique  shell-model  Hamiltonian  is  adopted,  with  the  single-

particle(hole) energies taken from experiment and the two-body effective interaction derived

by means  of  the  many-body perturbation  theory  [3]  from the  CD-Bonn  nucleon-nucleon

potential [4] renormalized by means of the Vlow-k approach [5].

Results are compared with experiments, and predictions that may provide guidance to future

experiments are also discussed.

[1] T. Otsuka, A. Gade, O. Sorlin, T. Suzuki, Y. Utsuno, arXiv:1805.06501. 

[2] L. Coraggio, A. Covello, A. Gargano, and N. Itaco, Phys. Rev. C 90, 044322 (2014), and 

      references therein.

[3] L. Coraggio, A. Covello, A. Gargano, N. Itaco, and T. T. S. Kuo, Prog. Part. Nucl. Phys. 

     62, 135 (2009).

[4] R. Machleidt, Phys. Rev. C 63, 024001 (2001).

[5] S. Bogner, T. T. S. Kuo, L. Coraggio, A. Covello, and N. Itaco, Phys. Rev. C 65,    

     051301(R) (2002).
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Gamma-electron spectroscopy with Solenogam:

Isomeric Decay in 145Sm

M.S.M. Gerathy,1 G.J. Lane,1 M.W. Reed,1 A. Akber,1 B.J. Coombes,1 J.T.H.

Dowie,1 T.J. Gray,1 T. Kibédi,1 A.J. Mitchell,1 T. Palazzo,1 and A.E. Stuchbery1

1Department of Nuclear Physics, The Australian National University, ACT 0200, Australia

Solenogam is a recoil spectrometer designed for electron and gamma-ray spectroscopy at the

ANU Heavy Ion Accelerator Facility. The design enables the study of nuclear excitations

populated in the decay of long-lived states such as isomers and radioactive ground states. First

used on a 6.5 T gas-filled solenoid for the study of isomeric decays in 189Pb [1], Solenogam is

now installed on an 8 T gas-filled solenoid and preliminary results for this configuration have

been reported [2]. The solenoid is used to transport the products of fusion-evaporation reactions

to a focal plane where Solenogam is situated, consisting of high-sensitivity gamma-ray and

electron detector arrays for singles and coincidence measurements.

Among the N=83 isotones, high-spin isomers have been reported at ∼8 MeV for Z=60-68 [3].

Based on experimental g-factor measurements and quadrupole moments in 147Gd [4], these

states have been interpreted previously as shape isomers; however, in most cases the spin and

parity assignments remain tentative. We have studied the decay of the high-spin, t1/2=0.96 µs

isomer in 145Sm [5], using the 124Sn(26Mg,5n) reaction at a beam energy of 115 MeV. Microsec-

ond chopped beams were used to isolate the isomeric decay resulting in a (longer) revised life-

time, while conversion coefficients were measured with Solenogam to confirm the isomer spin

and parity for the first time. In addition, a significantly revised level scheme has been con-

structed. These results will be presented, together with an interpretation of the level structures

supported by shell-model calculations performed using the K-Shell code [6].

[1] G.D. Dracoulis, G.J. Lane, T. Kibédi and P. Nieminen, Phys. Rev. C 79, (2009) 031202(R).

[2] M.S.M. Gerathy, M.W. Reed, G.J. Lane, T. Kibédi, S.S. Hota, and A.E. Stuchbery, EPJ Web of Conf.

123 (2016) 04007.

[3] Y. Gono, A. Odahara, T. Fukuchi, E. Ideguchi, T. Kishida, T. Kubo, H. Watanabe, S. Motomura, K.

Saito, O. Kashiyama, T. Morikawa, B. Cederwall, Y. H. Zhang, X. H. Zhou, M. Ishihara, H. Sagawa,

Eur. Phys. J. A 13 (1-2) (2002) 5.

[4] O. Bakander, C. Baktash, J. Borggreen, J. Jensen, K. Kownacki, J. Pedersen, G. Sletten, D. Ward,

Nucl. Phys. A 89 (1982) 93.

[5] A. Odahara et al, Nucl. Phys. A 620 (1997) 363.

[6] N. Shimizu, Nuclear shell-model code for massive parallel computation, ”KSHELL” (25870168)

(2013) 23. arXiv:1310.5431.
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Status of the FAIR project

J. Gerl1

1FAIR/GSI, Darmstadt, Germany

The international FAIR project at GSI aims for an unprecedented facility for research with

stable and radioactive ion and anti-proton beams. It will comprise of ion beam accelerators,

storage rings, an anti-proton source, a fragment separator and experimental set-ups for four

research pillars.  These pillars  are organized in large collaborations involving almost  3000

scientists:  APPA for  atomic  and  plasma  physics,  biology and material  science,  CBM for

studies  of  compressed  baryonic  matter,  NUSTAR  for  nuclear  structure,  reactions  and

astrophysics  investigations,  and  PANDA for  anti-proton  studies.  After  a  reorganisation  in

2015,  the  FAIR  project  is  progressing  vigorously.  Construction  of  the  buildings  and

production of the machine and experiment components are on-going. Moreover, a scientific

phase-0 program with the upgraded GSI accelerators and the already available FAIR sub-

systems, e.g. the many NUSTAR set-ups has started. 

NUSTAR  relies  primarily  on  the  availability  of  exotic  rare  isotope  beams  produced  by

fragmentation reactions and fission of relativistic heavy ions. The fragment separator FRS and

a versatile set of instruments, including gamma arrays, particle spectrometers and a storage

ring enable unique experiments at  GSI.  The Super-FRS at  the FAIR facility will  provide

several  orders  of  magnitude  stronger  beams,  enabling  access  to  the  extremes  of  nuclear

stability.  Continuous  R&D efforts  result  in  improved  detectors  and  enable  the  NUSTAR

collaboration to steadily enhance the sensitivity and selectivity limit of their  experiments.

Beyond providing new insights  into the nature of atomic nuclei  and their  creation in  the

universe,  important  technological  applications  for  the  benefit  of  our  society  arise  from

NUSTAR developments.

The  status  of  FAIR  and  NUSTAR  will  be  reported,  the  opportunities  for  NUSTAR

experiments  in  FAIR phase-0 at  GSI and at  Day-1 at  FAIR will  be discussed,  and novel

applications will be introduced.
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Ion Laser Interaction AMS: Why poor gas gives pure beams

R. Golser,1 K. Hain,1 J. Lachner,1 M. Martschini,1 A. Priller,1 and P. Steier1

1University of Vienna, Faculty of Physics, Isotope Physics, VERA Laboratory, Austria, Europe

Isobars, i.e. atomic or molecular ions of almost the same mass as the ion of interest, are the

challenge in (Accelerator) Mass Spectrometry. Exploiting electronic properties of the isobaric

anions at sub-eV kinetic energies is becoming a breakthrough for isobar suppression. Key of a

new method implemented at the Vienna Environmental Research Accelerator (VERA) is the

photo-detachment of the unwanted isobars in a linear, gas-filled radio-frequency quadrupole

(gf-RFQ) by a suitable laser. Isobar suppression by more than ten orders of magnitude has

been reached, e.g. for Cl-36 over S-36. The fundamental prerequisite is: the negative ions of

interest  must  remain  unaffected  by the interaction.  For laser light  this  is  the case if  their

electron affinity is greater than the photon energy. The use of pure Helium as the stopping

medium - another prerequisite for slow anions to pass the gf-RFQ unaffected - turned out not

to be fundamentally important. In fact, we see in several cases that ion-molecule reactions

with small "impurities" (a few percent) of Hydrogen or Oxygen in Helium gas can reduce

unwanted isobaric molecules by orders of magnitude with little effect on the molecules of

interest. This "reaction cell chemistry" is highly welcome, but needs to be better understood.

So far,  we get  sufficient  and  reliable  isobar  suppression  only  in  combination  with  laser-

photodetachment.
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Enhanced collectivity of neutron-rich 129Sb beyond the particle-core

coupling scheme
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J.R. Beene,2 C. Bingham,4 M. Danchev,4 A. Galindo-Uribarri,2 C.J. Gross,2 P.A.

Hausladen,2 W. Krolas,5 J.F. Liang,2 E. Padilla,5 J. Pavan,2 and D.C. Radford2

1Research School of Physics and Engineering,

The Australian National University, Canberra, ACT 0200 Australia
2Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA

3Oak Ridge Associated Universities, Oak Ridge, Tennessee 37831, USA
4University of Tennessee, Knoxville, Tennessee 37966, USA

5The Joint Institute For Heavy Ion Research, Oak Ridge, Tennessee 37831, USA

The region around the double-magic 132Sn has been of interest in recent years, with Radioactive

Ion Beam accelerator facilities allowing experiments to be conducted in neutron-rich nuclei.

Experimental evidence shows 132Sn to be one of the best doubly magic nuclei, providing a

testing ground for the shell model and investigations into the onset of collectivity.

Coulomb excitation data from the Holifield Radioactive Beam Facility (HRIBF) at Oak

Ridge National Laboratory will be presented. 11 HPGe Clover detectors in the Clarion array

and 54 CsI particle detectors in the BareBall array were used to study 129Sb, a radioactive

nucleus near 132Sn. The measurements provide a test of particle-core coupling schemes.

FIG. 1: Fragmentation of the B(E2) strength in the 128Sn core into the d5/2 proton and 2+ ⊗ g7/2
multiplet members is shown.

The results indicate that the total electric quadruple strength exciting the 2
+
⊗ g7/2 multiplet

of 129Sb is a factor of 1.39(11) larger than that of the 2
+ excitation of the 128Sn core. This is

in stark contrast to the expectations of particle-core coupling schemes [1, 2]. The odd proton

must polarize the core. Two state-of-the-art shell-model calculations were performed, which

account for some but not all of the enhanced collectivity.

[1] A. de Shalit, Phys. Rev. 122, 1530 (1961)

[2] A. Bohr and B. R. Mottleson, Nuclear Structure, Vol II (W. A. Benjamin, New York, 1975) p. 360
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Fragmentation analysis of 88Mo∗ compound nucleus in view
of different decay mechanisms

N. Grover,1 Bhaktima,1 and M.K. Sharma1

1School of Physics and Materials Science,
Thapar Institute of Engineering & Technology, Patiala 147004, Punjab, India

In reference to the experimental data [1], the decay mechanism of 88Mo∗ compound system
formed in48Ti+40Ca reaction is investigated at three beam energies (Ebeam=300, 450, and 600
MeV) using the collective clusterization approach of Dynamical Cluster decay Model (DCM)
[2, 3]. The calculations are done for spherical choice of fragmentation and with the inclusion
of quadrupole (β2) deformations having optimum orientations (θ

opt
i ). According to the exper-

imental evidence [1]88Mo∗ decays via fusion-evaporation (FE) and fusion-fission (FF)pro-
cesses, thus the decay cross-sections of this hot and rotating compound system are calculated
for both FE and FF channels. In FF decay mode, the explicit contribution of intermediate mass
fragments (IMF), heavy mass fragments (HMF) and symmetric fission fragments is extracted
within DCM framework. The calculated FE and FF decay cross-sections find nice agreement
with the available experimental data [1] for both the choices of fragmentation (spherical as well
asβ2-deformed). Experimentally, it has been observed that the total contribution of FE and FF
decay cross-sections is much less than the total reaction cross-sections (estimated according to
[4]), suggesting the presence of some nCN component such as deep inelastic collisions (DIC),
which generally contributes at higherℓ-values or above critical angular momentum (ℓcr). In
view of this, DIC contribution is also investigated.

[1] S. Valdŕe, S. Piantelli, G. Casini, S. Barliniet al., Phys. Rev. C93, 034617 (2016).
[2] G. Kaur, D. Jain, R. Kumar, M. K.Sharma, Nucl. Phys. A916, 260274 (2013).
[3] N. Grover, K. Sharma, and M. K. Sharma, Eur. Phys. J. A53: 239 (2017).
[4] S. K. Gupta et al., Z. Phys. A317, 75 (1984).
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The status of the new AMS device for medium mass isotopes at the Cologne 
University  

S. Herb,1 M. Schiffer,1 R. Spanier,1 S. Heinze,1 C. Müller-Gatermann, A. Stolz,1 
G. Hackenberg,1 L. Bussmann,1 D. Schumann,2 and A. Dewald1

1Institute of Nuclear Physics, University of Cologne, Cologne, Germany 
2Paul Scherrer Institute, Forschungsstrasse 111,Villigen, Switzerland 

A new device has been set up at the Cologne 10 MV FN accelerator to perform medium mass 
AMS measurements, e. g. 53Mn and 60Fe. It consists of an achromatic injector with an MC-
SNICS ion source (electrostatic analyzer and magnet radius of 0.435 m) with a fast injection 
system for the switching between the stable and rare ion beam. With the accelerator ion 
energies of 100 MeV are accessible by the use of the 10+ charge state and reliable terminal 
voltages of 9.5 MV. The achromatic high energy mass spectrometer consists of a 90° 
analyzing magnet (r=1.1 m) followed by a multi Faraday offset cup chamber and a 30° 
electrostatic analyzer (r=3.5 m). The isobar separation will be done with an isotope specific 
multi step energy loss measurement with combinations of silicon-nitride foils, the ESA, a 4 m 
time-of-flight system and a gas ionization detector. Additionally a 135° magnet (r=0.9 m) can 
be used in gas-filled mode for measurements like 60Fe.  
The current project intends to use the production of 53Mn and 3He in iron-tianium-oxides for 
the isochron burial dating technique with an upper dating range of 25 Ma for long term 
erosion processes. So far we are able to measure (53Mn/55Mn) isotopic ratios with a blank 
value of 1.55x10-12. 

After the first successful 53Mn and 60Fe test measurements it revealed that some 
improvements of the new set-up should be made: (i) A larger entrance window at the 
ionization detector will increase the overall transmission. (ii) The Installation of time of flight 
detectors for the gas-filled magnet will increase the suppression. (iii) Modification of the 
cathode electrodes are planned to reach a better angular resolution, which will enable to 
discriminate scattered beam particles. By these improvements we expect to optimize the 
system so that we can meet the design values for the geological applications with a blank 
level of 1.0x10-13. 

In addition further improvements on the FN-AMS-setup will be performed: e.g. increasing the 
efficiency of the injector, especially of the ion source.  
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Achieving the ultimate sensitivity in Accelerator Mass Spectrometry of high

mass isotopes

M.A.C. Hotchkis,1 D.P. Child,1 M. Williams,2 A. Wallner,3 M. Froehlich,3 D. Koll3

1 ANSTO, Lucas Heights, NSW 2234, Australia
2 University of Wollongong, Wollongong, NSW 2500, Australia

3 Department of Nuclear Physics, The Australian National University, ACT 2601, Australia

The  VEGA AMS system at  ANSTO,  based  on  a  1MV tandem accelerator,  was  custom-

designed to achieve the highest possible sensitivity for high mass isotopes [1].  It incorporates

multiple medium-resolving power analysing elements: one magnetic element for the injected

negative ions, followed by magnetic, electrostatic and second magnetic elements for positive

ions after acceleration.  This design, with mass and energy resolving powers in the range 500

to 1000, separates isotopes and suppresses backgrounds that may originate from a variety of

ion species.  The gas stripper in the high-voltage terminal is key both to system efficiency and

to background suppression.  Helium gas stripping is used, providing around 40% ion yield to

the most abundant charge state (3+).  The stripper pressure must be sufficient to break up all

molecules while minimising the scattering angle of the ions as they undergo charge-changing

collisions.  Our recent work [1] has demonstrated that the need for production of negative

molecular ions in AMS of actinides is not such a barrier to high efficiency: the VEGA sputter

ion source can achieve greater than 1% efficiency for production of plutonium oxide negative

ions and so overall sensitivity to a few hundred atoms in a sample is possible.

We are involved in  a number  of projects  requiring high sensitivity and low backgrounds.

Examples  include  (1)  the  detection  of  244Pu  of  extraterrestrial  origin  in  deep  oceanic

ferromanganese  crusts  [2,3];  (2)  radioecology of plutonium in the environment  of former

nuclear  test  sites  [4,5];  (3)  detection  of  nuclear  signatures  for  nuclear  safeguards  and

forensics; use of Pu in global fallout as a chrono-marker in environmental studies [6]; (4)

measurement of platinum-group-element isotope ratios in meteorites;  (5) evaluation of the

radio-purity of materials for use in dark matter searches.

Each of these projects presents their own particular challenges.  In some cases, sensitivity is

limited by background from scattered ions of species other than the one of interest.  In other

situations, cross-contamination between samples, in the sample prep lab or ion source, limits

sensitivity.  Other projects or previous uses of laboratories may leave residual contamination.

For  stable  and  very  long-lived  species,  such  as  PGEs  and  major  uranium  isotopes,  the

ubiquity of those species at low levels in almost all materials sets limits.

[1] M.A.C. Hotchkis et al., Nucl. Instr. Meth. B 438, 70 (2019).

[2] A. Wallner et al., Nat. Commun. 6, 5956 (2015).

[3] A. Wallner et al., to be published.

[4] M.P. Johansen et al., J. Environ. Radioact. 151, 387 (2016).

[5] M.P. Johansen et al., to be published.

[6] E. Field et al., Quat. Geochronol. 43, 50 (2018).
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Shape coexistence in mass 40 region studied via E0 and gamma transitions 

E. Ideguchi,1 T. Kibédi,2 J.T.H. Dowie,2 T.H. Hoang,1 M. Kumar Raju,1 A.A. Akber,2  
L. Bignell,2 B. Coombes,2 T.K. Eriksen,2 M.S.M Gerathy,2 T.J. Gray,2 G.J. Lane,2  
B.P. McCormick,2 A.J. Mitchell,2 A.E. Stuchbery,2 N. Shimizu,3 and Y. Utsuno4 

1 RCNP, Osaka University, Ibaraki, Osaka 567-0047, Japan  
2 Department of Nuclear Physics, The Australian National University, ACT 2601, Australia 

3 CNS, The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan 
4 ASRC, Japan Atomic Energy Agency, Tokai, Ibaraki 319-1195, Japan 

The advent of shape coexistence is a unique feature of atomic nucleus. This phenomenon 

particularly occurs near spherical closed shell nucleus, where the onset of shape coexistence is 

based on the balance between stabilizing effect of closed shells to retain spherical shape and 

the residual interaction which drives the nucleus to deformed shape [1].  

  The spherical doubly magic nucleus, 40Ca, is a best example exhibiting such shape 

coexistence. A unique feature of 40Ca is an appearance of low-lying 0+ states. First excited 

state is 0+ at 3.3 MeV and the second excited 0+ state closely locates at 5.2 MeV. These states 

are understood as band heads of the normal deformed and the superdeformed bands, 

respectively [2], which corresponds to the multiple shape coexistence in 40Ca. Similarly, low-

lying 0+ SD band heads are also observed in neighboring nuclei of mass 40 region [3,4,5]. 

  Existence of the superdeformed (SD) band starting from the 0+ band head is another unique 

feature of 40Ca. Although the existence of superdeformed nuclei are reported in many nuclei 

of various mass regions, A=60, 80, 130, 150, 190 [3], the superdeformed band head 0+ states 

are only observed in mass 40 region [4,5], and in the fission isomer region [3]. Such situation 

makes it difficult to understand the property of superdeformed state, such as the mixing of the 

states with different configurations. Therefore, 40Ca is a quite unique nucleus where one can 

study the electric monopole (E0) transition strength between the band head of superdeformed 

state and the spherical ground state, which directly reflects the shape mixing [6].  

  In order to study the property of superdeformed state of 40Ca, we have performed an 

experiment to measure the E0 transition from the excited 0+ states. Experiment was carried 

out using a 40Ca(p,p’) reaction at the 14UD tandem accelerator facility in Australian National 

University. The Super-e pair spectrometer [7,8,9], a superconducting magnetic-lens 

spectrometer, is employed to measure conversion electrons and electron-positron pairs with 

excellent background suppression. A single germanium detector was also used to measure 

gamma transitions from the excited states simultaneously.  

  In the presentation, the experimental results on E0 transition strength from the normal 

deformed and superdeformed band in 40Ca and the theoretical studies based on the large-scale 

shell model calculation will be discussed. Recent results studied via gamma transitions in 

mass 40 region will be also presented and discussed.  

  This work is partially supported by the International Joint Research Promotion Program of 

Osaka University and JSPS KAKENHI Grant Number JP 17H02893. 

[1] K. Heyde and J.L. Wood, Rev. of Mod. Phys. 83, 1467 (2011) 

[2] E. Ideguchi et al., Phys. Rev. Lett. 87, 222501 (2001) 

[3] B. Singh, R. Zywina, R.B. Firestone, Nucl. Data Sheets 97, 241 (2002) 

[4] C.E. Svensson et al., Phys. Rev. Lett. 85, 2693 (2000) 

[5] E. Ideguchi et al., Phys. Lett. B 686, 18 (2010) 

[6] J.L. Wood et al., Nucl. Phys. A 651, 323 (1999) 

[7] T. Kibèdi et al., The Astrophysical Journal 489, 951 (1997) 

[8] L.J. Evitts et al., Phys. Lett. B 779, 396 (2018) 

[9] L.J. Evitts et al., Phys. Rev. C (in press) 
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Evidence for Recent Interstellar 
60

Fe on Earth 

D. Koll,1,2 T. Faestermann,2 J. Feige,1,3 L.K. Fifield,1 M.B. Froehlich,1 M.A.C. Hotchkis,4 
G. Korschinek,2 S. Merchel,5 S. Panjkov,1 S. Pavetich,1 S.G. Tims,1 and A. Wallner1  

1 Department of Nuclear Physics, The Australian National University, Canberra, Australia 
2 Physics Department, Technical University of Munich, Garching, Germany 

3 Zentrum für Astronomie und Astrophysik, TU Berlin, Berlin, Germany 
4 Australian Nuclear Science and Technology Organisation, Sydney, Germany 

5 Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany 

Over the last 20 years the long-lived radionuclide 60Fe with a half-life of 2.6 Myr was shown 

to be an expedient astrophysical tracer to detect freshly synthesized stardust on Earth. 

The unprecedented sensitivity of Accelerator Mass Spectrometry for 60Fe at The Australian 

National University (ANU) and Technical University of Munich (TUM) allowed us to detect 

minute amounts of 60Fe in deep-sea crusts, nodules, sediments and on the Moon [1-5]. These 

signals, around 2-3 Myr and 6.5-9 Myr before present, were interpreted as a signature from 

nearby Supernovae which synthesized and ejected 60Fe into the local interstellar medium. 

Triggered by these findings, ANU and TUM independently analyzed recent surface material 

for 60Fe, deep-sea sediments and for the first time Antarctic snow, respectively [6, 7]. 

We find in both terrestrial archives corresponding amounts of recent 60Fe.  

We will present these discoveries, evaluate the origin of this recent influx and bring it into 

line with previously reported ancient 60Fe findings. 

[1] K. Knie et. al. “Indication for supernova produced 60Fe activity on Earth”  

Phys. Rev. Lett. 83 (1999) 18. 

[2] K. Knie et. al. “60Fe anomaly in a deep-sea manganese crust and implications for a nearby 

supernova source”  

Phys. Rev. Lett. 93 (2004) 171103. 

[3] P. Ludwig et. al. “Time-resolved 2-million-year-old super-nova activity discovered in 

Earth's microfossil record”,  

PNAS 113 (2016) 9232. 

[4] A. Wallner et. al. “Recent near-Earth supernovae probed by global deposition of 

interstellar radioactive 60Fe” 

Nature 532 (2016) 69. 

[5] L. Fimiani et. al. “Interstellar 60Fe on the surface of the Moon”  

Phys. Rev. Lett. 116 (2016) 151104. 

[6] D. Koll et. al. “Interstellar 60Fe in Antarctica”  

Phys. Rev. Lett., submitted 

[7] A. Wallner et al. in preparation 
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Masses and Beta-Decay Spectroscopy of Neutron-Rich Nuclei:

Isomers and Sub-shell Gaps with Large Deformation ∗

F.G. Kondev1

1Physics Division, Argonne National Laboratory, Lemont, Illinois 60439, USA

The structure of deformed, neutron-rich nuclei in the rare-earth region is of significant interest

for both the nuclear-structure and astrophysics fields. Although much progress is being made

in our understanding of the r-process, a satisfactory explanation for the elemental peak in

abundance near A=160 is still elusive. Understanding the origin of this peak may be a key

to correctly identifying the astrophysical conditions for the r-process. Theoretical models of

element production are dependent on masses and lifetimes of neutron-rich, deformed rare-earth

nuclei in this region where little or no information is known. The available nuclear structure

information is also scarce, owing to difficulties in the production of these nuclei. In order

to address these issues, an experimental program has been initiated at Argonne National

Laboratory using high-purity radioactive beams produced by the CARIBU facility. Mass mea-

surements using the Canadian Penning Trap (CPT) and beta-gamma coincidence studies using

the SATURN moving tape system and the X-Array spectrometer, comprising of five Ge clover

detectors, were carried out. A number of two-quasiparicle isomers were discovered in odd-odd

nuclei using CPT and in several cases their properties were elucidated by complementary

beta-decay studies. Evidences were found for changes in the single-particle structure, which in

turn resulted in the formation of a sizable sub-shell gap at N=98 and large deformation. Results

from these measurements will be presented, together with predictions based on deformed shell

model that includes effects of pairing and spin-depended, nucleon-nucleon interactions. The

newly-commissioned beta-decay station at Gammasphere will also be discussed and results

from the first experimental campaign will also be presented.

∗ This work is funded by the U.S. Department of Energy, Office of Nuclear Physics, under

Contract No. DE-AC02-06CH11357 (ANL) and the National Science Foundation under Grant

No. PHY-1203100 (USNA). This research used resources of Argonne National Laboratory’s

ATLAS facility, which is a DOE Office of Science User Facility.
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Confirmation the existence of the X17 particle 

A.J. Krasznahorkay,1 M. Csatlós,1 L. Csige,1 A. Krasznahorkay,2 Á. Nagy,1 N. Sas,1
 B.M. Nyakó, and J. Timár1 

1Inst. for Nucl. Res., Hungarian Acad. of Sci., Debrecen, Hungary,
2CERN, Geneva, Switzerland

Recently, we used the 7Li(p,e+e-)8Be reaction to excite an 18.15 MeV excited state in 8Be and 
observed its internal pair (e+e-) decay to the ground state. An anomaly in the form of peak-like 
enhancement relative to the internal pair creation was observed at large angles in the angular 
correlation [1]. It turned out that this could be a first hint for a 17 MeV X-boson (X17), which 
may connect our visible world with Dark Matter [2]. The possible relation of the X17 to the 
Dark Matter problem triggered great theoretical and experimental interest in the particle, 
hadron, nuclear and atomic physics communities. Zhang and Miller discussed in detail 
whether a possible explanation of nuclear physics origin could be found [3].  They have not 
found any of such explanation. 

Using a significantly modified and improved experimental setup, we reinvestigated the 
anomaly observed in the e+e- angular correlation by using a new tandetron accelerator of our 
institute. This setup has different efficiency curve as a function of the correlation angle, and 
different sensitivity to cosmic rays yielding practically independent experimental results. In 
this experiment, the previous data were reproduced within the error bars.  

To confirm the existence of the X17 boson, we conducted a search for similar anomaly 
in another nuclear transition. The 0   −  0+ transition in 4He, which energy is 21.1 MeV, was 
chosen. If X17 is a vector boson with Jπ=1+ [2] then the emission can be done with L=1 
angular momentum, while in case of the X17 is an axion like particle (ALP) [4] then it can be 
emitted with L=0. The 21.1 MeV (Jπ=0−) state is broad, Γ=0.84 MeV, and it overlaps with the 
first excited state located at Ex=20.21 MeV (Jπ=0+, Γ=0.50 MeV), but it did not complicate 
our results. 

We used proton resonant capture reaction on 3H target at a beam energy of Ep= 0.90 
MeV, and this way, we excited both of the above overlapping states.  We observed e+e- pairs 
with an angular correlation characteristic basically to the external pair creation (EPC) of the γ-
rays created in the direct capture process of the 3H(p,γ)4He reaction and no contribution from 
the week  0+     0+ E0 process. On top of the EPC background a peak at Θ≈115° is clearly 
visible with larger than 5σ confidence. According to our simulations performed with 
GEANT4, this peak corresponds to the decay of the X17 boson created in the 0   −  0+ 

transition.  

[1] A.J. Krasznahorkay et al., Phys. Rev. Lett. 116, 042501 (2016) 
 [2] J. Feng et al., Phys. Rev. Lett. 117, 071803 (2016) 
 [3] Xilin Zhang and Gerald A. Miller, Phys. Lett. B773, 159 (2017) 
 [4] Ulrich Ellwanger and Stefano Moretti, JHEP 11, 039 (2016) 
 [5] Jonathan Kozaczuk, David E. Morrissey, and S. R. Stroberg, Phys. Rev. D 95, 115024 (2017)
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The movements of Alpine glaciers throughout the last 10,000 years

as sensitive proxies of temperature and climate changes 

W. Kutschera1

1Vienna Environmental Research Accelerator (VERA)

Faculty of Physics – Isotope Physics, University of Vienna

Vienna, Austria

It is well known that the Holocene, i.e. the geological time period of the last 10,000 years
following the end of the Ice Age,  enjoyed relatively stable temperatures.  But glaciers  are
sensitive  proxies  to  even  small  temperature  and/or  climate  changes.  Thus,  the  globally
observed retreat of Alpine glaciers and polar ices sheets since 1850 AD (the end of the so-
called Little Ice Age) has been linked to the temperature increase caused by human activities,
particularly due to the steady increase of CO2 in the atmosphere [1]. On the other hand, it is
now evident  that  considerable  glacial  fluctuations  occurred  already at  much earlier  times
when human impact was negligible.

In a way, the interest in Alpine glaciers of the past started with the accidental discovery of the
famous Iceman Ötzi in 1991, a naturally mummified body which was well preserved for 5200
years in the icy environment of a high mountain pass (3210 m a.s.l.) in the Ötztal Alps [2].
Since then, several forward and backward movements of glaciers in the European Alps and in
the New Zealand Southern Alps throughout the last 10,000 years have been established with
the  help  of  dendrochronology,  radiocarbon  dating,  surface  exposure  dating  of  rocks  and
moraines with various cosmogenic radionuclides (10Be, 14C, 26Al, 36Cl), and geomorphological
considerations [3]. 

It is possible that small solar activity variations, enhanced by (hitherto largely unknown) feed-
back processes on Earth, caused the observed glacial fluctuations. These natural fluctuations
constitute  a  “background”,  which  is  now  being  modified  in  a  complex  way  by  human
activities. It is hoped that research on the movement of Alpine glaciers before man’s influence
may actually help to better assess the anthropogenic influence on climate change in our time. 

[1] The Keeling Curve: https://scripps.ucsd.edu/programs/keelingcurve/
[2] W. Kutschera et al., The Tyrolean Iceman and his glacial environment during the 
      Holocene, Radiocarbon 59/2 (2017) 395-405.
[3] A.E. Putnam et al., Regional climate control of glaciers in New Zealand and Europe 
      during the pre-industrial Holocene, Nature Geoscience 5 (2012) 628-630.
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SABRE and the Stawell Underground Physics Laboratory: 

Dark Matter Research at the Australian National University 

G.J. Lane,1 L.J. Bignell,1 M. Froehlich,1 I. Mahmood,2 F. Nuti,2 M.S. Rahman,3 C. Simenel,1 
N.J. Spinks,1 A.E. Stuchbery,1 H. Timmers,3 A. Wallner,1 Y.Y. Zhong,1  

(and the SABRE South collaboration) 
1
 Department of Nuclear Physics, The Australian National University 

2
 School of Physics, The University of Melbourne,  

3
 School of Science, The University of New South Wales, UNSW Canberra 

The direct detection of dark matter is a key problem in astroparticle physics that generally 

requires the use of deep-underground laboratories for a low-background environment where 

the rare signals from dark matter interactions can be observed. The dark matter interaction 

rate from Weakly Interacting Massive Particles (WIMPs) in an Earth-based detector, is 

expected to modulate yearly due to the change of the Earth’s speed relative to the galactic 

halo reference frame. There is a long-standing result from the DAMA experiment at the Gran 

Sasso National Laboratory (LNGS) in Italy that used NaI(Tl) scintillator for the detector 

medium; their observed results are consistent with this scenario [1,2,3]. However, the 

magnitude of the signal is in tension with a number of other direct detection measurements 

that use different detector technologies [4]. 

SABRE (Sodium-iodide with Active Background REjection) is a new NaI(Tl) 

experiment [5,6] designed to search for galactic dark matter through the annual modulation 

signature. Arrays of NaI(Tl) detectors with unprecedented radio-purity will be operated inside 

volumes of active liquid scintillator to veto against both external and internal backgrounds, 

especially the 3 keV signature from the decay of trace amounts of 
40

K within the crystals. 

SABRE will be a dual-site experiment located at both LNGS (Italy) and at the Stawell 

Underground Physics Laboratory under development in Victoria, Australia, that involves over 

50 people from more than a dozen institutions in Europe, Australia and the US. The operation 

of twin full scale experiments in both the northern and southern hemispheres is an important 

factor that will strengthen the reliability of a dark matter detection result by discriminating 

against possible seasonal systematic effects.  

SABRE relies on detector materials and measurement techniques from nuclear physics. This 

presentation will describe the SABRE experiment, plans for the new laboratory in Australia 

(anticipated to be the first deep underground laboratory operational in the southern 

hemisphere), and the results from nuclear physics experiments performed at the Australian 

National University with our 14UD tandem accelerator that support the SABRE detector 

development effort.  

The SABRE experiment has been the instigator for a cohesive program of Australian effort in 

dark matter research (WIMPs, WISPs, indirect detection, theory) and the status of this 

program and future effort will also be briefly described.  

[1] R. Bernabei et al., Nucl. Instrum. and Methods A 592 (2008) 297. 

[2] R. Bernabei et al., Eur. Phys. J C 73 (2013) 2648. 

[3] R. Bernabei et al., arXiv:1805.10486 

[4] M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018). 
[5] M. Antonello et al. [SABRE Collaboration], Astroparticle Phys. 106 (2019) 1.  

[6] M. Antonello et al. [SABRE Collaboration], Eur. J. Phys. C (2019) 79: 363.  
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Beyond 132Sn

R. Lozeva1

1CSNSM, CNRS/IN2P3 and the University Paris-Saclay, 91405 Orsay, France

Exotic nuclei beyond the 132Sn double shell-closure are influenced by both the Sn superfluity

and  the  evolving  collectivity  only  a  few nucleons  away. Toward even more  neutron-rich

nuclei, for example at intermediate mass number A~136, the interplay between single-particle

and collective particle-hole excitations is evident. In some cases with the extreme addition of

neutrons  also  other  effects  may  be  expected  such  as  the  formation  of  neutron  skin,

stabilization as sub-shell gap or orbital crossings [1,2]. 

The knowledge of nuclear ingredients is especially interesting beyond 132Sn as little is known

on  how  the  excitation  modes  develop  with  the  addition  of  both  protons  and  neutrons.

Therefore, systematic prompt and decay studies can be such sensitive probe for their structure

[3,4]. Aiming to provide a more global picture and understand this barely explored neutron-

rich portion of the nuclear chart, we have performed several investigations. 

We have produced the nuclei of interest following fission as 238U on 9Be, thermal n-induced

fission  on  241Pu  and  235U  or  fast  n-induced  fission  on  238U  and  232Th  in  recent  γ-ray

spectroscopy  projects  [2-5].  Consistent  data  analysis  allows  to  access  various  spins  and

excitation  energies  and  to  provide  new input  to  theory.  Examples  from these  studies  on

isotopes with A~140 will be presented along with the possible interpretation of the new data.

[1] J. Shergur et al., Phys. Rev. C 65, 034313 (2002).

[2] R. Lozeva et al., Phys. Rev. C 93, 014316 (2016).

[3] R. Lozeva et al., Phys. Rev. C 98, 024323 (2018).

[4] M. Jentschel et al., J. Inst. 12, 11003 (2017).

[5] J. Wilsson et al., Phys. Rev. Lett. 118, 222501 (2017).
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Ion-Laser InterAction Mass Spectrometry and the quest for AMS of 182Hf

M. Martschini,1 J. Lachner,1 A. Priller,1 P. Steier,1 and R. Golser1

1Isotope Physics,University of Vienna – Faculty of Physics ,A-1090 Vienna Austria

The  long-lived  trace  isotope  182Hf  (T1/2 = 8.9 Ma)  is  of  high  astrophysical  interest  as  its

potential abundance in environmental archives would provide rare insight into heavy element

nucleosynthesis in recent r-process events in the vicinity of our planet. Despite substantial

efforts, however, it could not be measured at its natural abundance level with conventional

AMS  so  far  due  to  strong  isobaric  interference  from  stable  182W. The  new  Ion  Laser

InterAction Mass Spectrometry (ILIAMS) technique at the Vienna Environmental Research

Accelerator  (VERA)  tackles  the  problem  of  elemental  selectivity  in  AMS  with  a  novel

approach. It achieves near-complete suppression of isobar contaminants via selective laser

photodetachment  of  decelerated  anion  beams  in  a  gas-filled  radio  frequency  quadrupole

(RFQ) [1,2]. The technique exploits differences in electron affinities (EA) within elemental or

molecular isobaric systems neutralizing anions with EAs smaller than the photon energy. In

addition, collisional detachment or chemical reactions with the buffer gas can further enhance

anion separation.

In this contribution, we will highlight the potential of this new technique based on recently

conducted AMS-measurements  of  90Sr (T1/2 = 28.64 a),  where ILIAMS achieves an isobar

suppression factor >107. The application of ILIAMS improves the detection limit by a factor

40 compared to the previous AMS-benchmark. We will then present first results with this

approach on the even more challenging detection of 182Hf. With He+O2 mixtures as buffer gas

in the RFQ, suppression of 182WF5
− vs 180HfF5

− by >105 has been demonstrated. Mass analysis

of the ejected anion beam identified the formation of oxyfluorides as an important reaction

channel.  The  overall  Hf-detection  efficiency  at  VERA presently  is  1.4×10–3 and  the  W-

corrected blank value 182Hf/180Hf = (3.4 ± 2.1) × 10–14. In addition, a survey of several sputter

materials for highest negative ion yields of HfF5
− has been conducted. Finally we will give an

outlook on ways to proceed in order to detect 182Hf at astrophysical levels.

[1] M. Martschini et al., Int.J. Mass Spect. 415, 9 (2017).

[2] M. Martschini et al., in press, doi: 10.1016/j.nimb.2019.04.039.
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Production of exotic radionuclides targets for nuclear astrophysics 
experiments 

E.A. Maugeri,1 D. Schumann1

 1Isotope and Target Chemistry Lab, Paul Scherrer Institut, Switzerland 

This contribution aims to present the last developments, in term of design and manufacturing, 
of exotic radionuclides targetry, for nuclear astrophysics experiments. Particular emphasis is 
given to the description of the used preparation methods, i.e. electrodeposition/molecular 
plating, casting and ion implantation. Target characterization, in terms of deposited activities 
and spatial distributions, is addressed as well. In this context, two methods developed at the , 
Paul Scherrer Institut, based on alpha spectrometry coupled with the advanced alpha-
spectroscopy simulation program, and gamma spectroscopy coupled with a screaming device 
and radiographic imaging, respectively, are presented. 

HIAS Heavy Ion Accelerator Symposium
9–13 September 2019

Australian
National
University

49



Modelling Hyperfine Interactions to Perform

Picosecond-lifetime Nuclear g-factor Measurements

B. P. McCormick,1 A. E. Stuchbery,1 and G. Georgiev1, 2

1Department of Nuclear Physics, The Australian National University, ACT 2601, Australia
2CSNSM, F-91404 Orsay, France

The nuclear g factor is a useful metric for probing nuclear structure. This is because the g factor

is sensitive to the angular momentum of unpaired nucleons. Particularly, in some regions of

the nuclear chart g(2+1 ) values in even-even nuclei can be used to probe sub-shell closures [1].

Therefore, comparisons between theoretical and experimental g factors are valuable. However,

such states often have lifetimes in the picosecond range, making for challenging measurements.

One technique for performing such measurements utilises the hyperfine field of recoiling ions

in vacuum (RIV) [2]. While this technique has been successful in some cases, there are others

in which complex atomic interactions complicate the measurement [3].

In order to utilise the RIV technique for such complex interactions the hyperfine interaction

must be modelled. However, to model the interaction, detailed atomic-structure information

must be known. Chen et al. developed a Monte-Carlo approach [4], with atomic structure

information calculated using the General Relativistic Atomic Structure Package (GRASP) [5].

Considering nuclei recoiling out of a foil into vacuum, we know there exists a distribution of

charge states and energies. The method is to allow for a number of atomic states, for each

charge state, to be randomly populated. By treating decays in each state separately, their

average interaction can be determined at a given time. This approach was found to agree with

RIV data from 122,130,132Te measurements and their reported g(2+1 ) values [4].

In this work, a new approach similar to that of Chen et al. [4] will be presented. The new

approach utilises a more realistic coupled-tensor evolution and allows for different types of

atomic-state distribution. Additionally, atomic structure calculations have been performed us-

ing a more recent release of the GRASP [6], which utilises improved algorithms for wavefunc-

tion convergence. The effect of using the coupled-tensor approach, and also of the different

atomic-state distributions, will be examined. Fits to experimental data will be presented, and

the feasibility of determining g factors will be reviewed. Finally, the GRASP calculations will

be scrutinised, in part to build confidence in their use, but also to identify uncertainties.

[1] T. J. Mertzimekis, A. E. Stuchbery, N. Benczer-Koller and M. J. Taylor, Phys. Rev. C 68, 054304

(2003).

[2] G. Goldring, ed. R. Bock, Heavy Ion Collisions, vol. 3, North-Holland Pub. Co. (1982).

[3] A. E. Stuchbery, Hyperfine Interactions 220, 29 (2013).

[4] X. Chen, D. G. Sarantites, W. Reviol and J. Snyder, Phys. Rev. C 87, 044305 (2013).

[5] P. Jönsson, X. He, C. Froese Fischer and I. P. Grant, Comp. Phys. Comm. 177, 597 (2007).

[6] C. Froese Fischer, G. Gaigalas, P. Jönsson, J. Bieroń, Comp. Phys. Comm. 237, 184 (2019).
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Sample preparation for AMS astrophysics projects – Size does (not) matter

S. Merchel,1,2,3 D. Child,4 T. Faestermann,5 M. Fröhlich,1 R. Golser,2 M. Hotchkis,4 D. Koll,1,5

G. Korschinek,5 S. Pavetich,1 A. Wallner,1 and a lot of more AMS colleagues…
1 Department of Nuclear Physics, The Australian National University, ACT 2601, Australia

2 University of Vienna, Isotope Physics, VERA Laboratory, 1090 Vienna, Austria 
3 Helmholtz-Zentrum Dresden-Rossendorf (HZDR), 01328 Dresden, Germany

4 Australian Nuclear Science and Technology Organisation (ANSTO), Sydney, Australia
5 Physik-Department, Technische Universität München, 85748 Garching, Germany

The determination of long-lived radionuclides  by means of accelerator  mass spectrometry

(AMS) is usually outstandingly successful when an interdisciplinary team comes together.

The “heart”  of AMS research is  of course an accelerator  equipped with sophisticated ion

sources, analytical tools and detectors run by experienced and ambitious physicists [e.g. 1-3].

Setting-up and further developing AMS systems is one of the most interesting and challenging

topics.  The reputation  to  be  reached  here  is  the  greatest  uniqueness  of  analysis  possible,

lowest detection levels, and/or most reliable data world-wide.

For sure, another primary pillar of AMS research is based on the questions addressed within

fundamental and applied research. “How have supernovae explosions influenced Earth, our

solar system and beyond?” [e.g. 4] or “How does the Earth’s surface and environment respond

to earthquakes, climate change and anthropogenic influences?” [e.g. 5] are just two examples

of high-quality studies.

However, somehow in-between there are groups of hidden figures like people developing

software for data analysis or performing the required chemical sample preparation for AMS.

These  often  unacknowledged  individuals  do  crucial  work  for  the  overall  outcome  of  the

studies.

Chemists can spend weeks and months trying (and failing) on sample preparation before they

find a “safe way” and start the actual work on the most valuable sample material, repeat all

over again the same “recipe” for hundreds of samples, or train non-chemists the secrets of

their successful recipes. Nevertheless, interdisciplinary AMS work can also be very exciting

for  a  chemist:  touching  (and  destroying)  samples  from  outer  space,  the  deep  ocean  or

(currently) frozen places like Antarctica is quite thrilling. But at the end of the day, the whole

AMS chemist’s work can be described as “reducing the sample matrix, other impurities and

especially isobars to a level the AMS machine can handle while enriching the radionuclide of

interest”.

Starting  materials  for  applications  such  as  astrophysical  research  can  be  “orders  of

magnitude” different: a neutron-irradiated sample of 1 g tungsten powder [6], over 40 g of

clay-rich material from the Cretaceous–Tertiary (K-T) boundary, 100 g of ultra-pure sodium

iodide,  or  500 kg of  snow from Antarctica  [4]  can  cause  totally  different  and sometimes

unexpected problems in the chemistry lab. In general, smaller samples are not always easier to

handle for example if they are chemically rather resistant or reactive. The cream of the crop of

failure and success in a few AMS chemistry labs will be presented.

[1] P. Steier et al., Int. J. Mass Spectr. 444, 116175 (2019).

[2] G. Rugel et al., Nucl. Instr. Meth. B 370, 94 (2016).

[3] D. Koll et al., Nucl. Instr. Meth. B 438, 180 (2019).

[4] D. Koll et al., Phys. Rev. Lett. 123, 072701 (2019) and this meeting.

[5] W. Schwanghart et al., Science 351, 147 (2016).

[6] M. Martschini et al., this meeting.
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Shape coexistence in the neutron-deficient nuclei near Z=82

C. Müller-Gatermann,1, ∗ A. Dewald,1 C. Fransen,1 K. Auranen,2, † H. Badran,2 M. 
Beckers,1 A. Blazhev,1 T. Braunroth,1 D.M. Cullen,3 G. Fruet,4 A. Goldkuhle,1 T. 
Grahn,2 P.T. Greenlees,2 A. Herzá ̌n,5, 6, 2 U. Jakobsson,7, 2 D. Jenkins,8 J. Jolie,1 R. 

Julin,2 S. Juutinen,2 J. Konki,2, ‡ M. Leino,2 J. Litzinger,1 K. Nomura,9 J. Pakarinen,2 

P. Peura,10, 2 M.G. Procter,3 P. Rahkila,2 P. Ruotsalainen,11, 2 M. Sandzelius,2 J. Sarén,2 

C. Scholey,2 J. Sorri,12, 2 S. Stolze,2, † M.J. Taylor,13, 3 J. Uusitalo,2 and K.O. Zell1

1Institut für Kernphysik der Universität zu Köln,

Zülpicher Str. 77, D-50937 Köln, Germany
2University of Jyvaskyla, Department of Physics,

P.O. Box 35, FI-40014 University of Jyvaskyla, Finland
3Schuster Laboratory, University of Manchester, Manchester M13 9PL, United Kingdom

4Université de Strasbourg, CNRS, IPHC UMR 7178, F-67000 Strasbourg, France
5Institute of Physics, Slovak Academy of Sciences, SK-84511 Bratislava, Slovakia

6Oliver Lodge Laboratory, University of Liverpool, Liverpool L69 7ZE, United Kingdom
7Laboratory of Radiochemistry, Department of Chemistry,

P.O. Box 55, FI-00014 Univerisity of Helsinki, Finland
8Department of Physics, University of York, YO10 5DD York, United Kingdom

9Advanced Science Research Center, Japan Atomic Energy Agency, Tokai, 319-1195 Ibaraki, Japan
10Helsinki Institute of Physics, University of Helsinki, P.O. Box 64, 00014 Helsinki, Finland

11TRIUMF, Westbrook Mall, Vancouver, British Columbia, Canada V6T 2A3
12Sodankylä Geophysical Observatory, University of Oulu, FI-99600 Sodankylä, Finland

13Division of Cancer Sciences, University of Manchester,

Manchester, M13 9PL, United Kingdom

Since the first application of isotope-shift measurements a sharp shape transition in the

ground states of light odd-mass mercury isotopes was observed, and shape coexistence near the

Z=82 shell has been an actively studied phenomenon. In neutron-deficient even-mass mercury

isotopes a weakly deformed oblate ground-state band is found to coexist with a more deformed

prolate band. The prolate states are interpreted as a π(4p-6h) excitation across the Z=82 shell

gap. The prolate band build upon an excited 0+ state can be related to similar structures in

the Pb nuclei. The energy of this prolate structure is lowest in 182Hg and shows a parabolic

trend of excitation energy as a function of the neutron number. In the neighboring even-mass

platinum isotopes this structure reaches even the ground state. In the Hg isotopes 180Hg is the

most exotic nucleus for which lifetimes of excited states are known so far. These can be used to

determine model-independent B(E2)-values and absolute values of deformation employing the

rotor model. A breakdown of the shape-coexistence is predicted with further decreasing neutron

number. We will present lifetime measurements of excited states in 178Hg using the Recoil Dis-

tance Doppler-Shift (RDDS) method. The recoil-decay tagging (RDT) technique was applied to

select the 178Hg nuclei and associate the prompt γ-rays with the correlated characteristic ground

state α-decay.

∗Electronic address: cmgater@ikp.uni-koeln.de
†Present address: Physics Division, Argonne National Laboratory, Argonne, Illinois 60439, USA
‡Present address: CERN, CH-1211 Geneva 23, Switzerland
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Sub-Saharan Climatic Catastrophe Forewarned by AMS

S.M. Mullins,1 S.M. Woodborne,1 S.R. Winkler,1 M.F. Silidi,1 and V.L. Mbele1

 1Tandem and Accelerator Mass Spectrometry Department,

 iThemba LABS, Private Bag 11, WITS 2050, South Africa

With one notable exception, World leaders have accepted the irrefutable evidence that climate

change  is  happening  and  represents  one  of  the  most  important  issues  -  if  not  the  most

important issue - that affects all corners of our planet and our collective future along with it.

The denialist point-of-view continues to be trumpeted from some quarters and as such has to

be refuted through fact gained via scientific  measurements that show that this  is not only

happening in the here and now, but will worsen into the future unless appropriate measures

are taken with all due haste.

The evidence presented here is derived from an ongoing study of baobab trees in sub-Saharan

Africa in which growth patterns are shown to be correlated with temperature and dryness.

Along with results that stretch as far back as the beginning of the twentieth century, these

correlations are well-reproduced by climate models and therefore their predictions that sub-

Saharan  Africa  will  become  hotter  and  dryer  have  to  be  taken  seriously  along  with  all

consequences thereof. 

            

By their nature, baobabs do not grow within a forest, a wood or even a copse but stand apart

from each other as sentinels of the savannah so that there is no closed arboreal canopy. As

such they are excellent indicators of the dryness of the environment in which they grow and

since dryness is intimately correlated with temperature, they give a record of the temperature

at that location. This was derived from the measurement of the ratio of the two stable isotopes

of Carbon, namely Carbon-12 and Carbon-13 as shown in figure 1.  However, baobabs tend to

be multi-stemmed, that is they do not have a single trunk with a single set of growth rings.

Moreover, when it is too dry, baobabs will not lay down an annual growth ring in one or any

of  the multi-stems of the  fused trunk.  In fact,  they may not  lay down a growth ring for

decades or may grow up to five or six rings in a single year. Thus, this necessitates the explicit

dating  of  each  ring  via  radio-carbon measurements  as  undertaken  with  Accelerator  Mass

Spectrometry (AMS) in order to date the Carbon-12/Carbon-13 ratios and hence the climate

characteristics derived from them. The AMS facility at the TAMS department of iThemba

LABS has undertaken a considerable number of Carbon-14 measurements for this project and

the latest results will be presented.

     

                      

Figure  1  :  δ13C values  for  baobab

trees  dated  with  C-14   AMS

measurements.  The  δ13C  values

extracted  from tree  rings  illustrate

how wet or dry the environment in

which the tree was growing at that

time  shown  on  the  x-axis

(calculated  calendar  year)  as

derived from the C-14 AMS results.
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A study of the excited 0+ states in 188Pb 

P. Papadakis,1 J. Pakarinen,2 and D.M. Cox3 on behalf of the S07 collaboration 
1STFC Daresbury Laboratory, Daresbury, Warrington WA4 4AD, United Kingdom 

2University of Jyvaskyla, Department of Physics, FI-40014 Jyvaskyla, Finland 
3Department of Physics, Lund University, 221 00 Lund, Sweden 

In Pb isotopes close to the neutron mid-shell at N=104, experimental evidence for shape-

coexisting configurations and associated collective bands has been observed. These structures 

intrude down to energies close to the spherical ground state and can be associated with 

intruder 2p-2h and 4p-4h proton shell-model excitations across the Z=82 energy gap. 

Calculations using the deformed mean-field approach, essentially equivalent to the shell-

model method, reveal three different shapes (spherical, oblate and prolate configurations). It 

remains a challenge for both theoretical and experimental studies to obtain a consistent and 

detailed description of all the observed phenomena. 

The low-lying excited 0+ states in 188Pb have been probed in γ-decay fine structure studies or 

in-beam conversion electron measurements. γ-ray experiments have identified an exited 02
+ 

state at 591 keV and associated it with a prolate structure [1,2]. These findings are in contrast 

with earlier measurements which reported a 02
+ at ~570 keV [3,4]. Candidates for the 03

+ state 

associated with a prolate at 767 keV was also proposed by Allatt et al. [4]. An in-beam 

conversion electron spectroscopy measurement performed by Le Coz et al., proposed the two 

low-lying 0+ states at 591 keV (oblate) and 725 keV (prolate) [5]. Consequently, together with 

the spherical ground state, the three 0+ states with largely different structures reflect the triple-

shape coexistence phenomenon in 188Pb. Moreover, the triple-shape coexistence has been 

revealed by the existence of three isomeric states associated with different structures 

(spherical 12+, oblate 11- and prolate 8-) and characteristic band structures on top of these 

states [6]. 

In this presentation we will discuss the simultaneous in-beam measurement of γ rays and 

internal conversion electrons of 188Pb performed at the Accelerator Laboratory of the 

University of Jyväskylä, Finland, employing the SAGE spectrometer [7]. We will introduce 

our findings on the excited 0+ states and the interband transitions and present our state-of-the-

art simulation code employing the NPTOOL framework [8] in Geant4 [9]. 

[1] A.N. Andreyev et al., J. Phys. G: Nucl. Part. Phys. 25, 835 (1999). 

[2] K. Van de Vel et al., Phys. Rev. C 68, 054311 (2003). 

[3] N. Bijnens et al., Z. Phys., A 356, 3 (1996). 

[4] R.G. Allatt et al., Phys Lett. B 437, 29 (1998). 

[5] Y. Le Coz et al., Eur. Phys. J direct A 3, 1-6 (1999). 

[6] G.D. Dracoulis et al., Phys. Rev. C 69, 054318 (2004). 

[7] J. Pakarinen et al., Eur. Phys. J A 50, 53 (2014). 

[8] A. Matta et al., J. Phys. G: Nucl. Part. Phys. 43, 45113 (2016). 

[9] S. Agostinelli et al., Nucl. Instr. and Meth. A 506, 250 (2003). 
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The MARA Low-Energy Branch – towards day 1 

P. Papadakis,1 T. Erronen,2 W. Gins,2 J. Liimatainen,2 I. Moore,2 J. Partanen,2
 I. Phjalainen,2 S. Rinta-Antila,2 J. Sarén,2 and J. Uusitalo2

1STFC Daresbury Laboratory, Daresbury, Warrington WA4 4AD, United Kingdom 
2University of Jyvaskyla, Department of Physics, FI-40014 Jyvaskyla, Finland 

The MARA low-energy branch (MARA-LEB) [1,2] is a novel facility currently under 

development at the University of Jyväskylä. Its main focus will be the study of ground-state 

properties of exotic proton-rich nuclei employing in-gas-cell and in-gas-jet resonance 

ionisation spectroscopy and mass measurements of nuclei close to the N=Z line of particular 

interest to the astrophysical rp process [3]. 

MARA-LEB will combine the MARA vacuum-mode mass separator [4] with a gas cell, an 

ion guide system and a dipole mass separator for stopping, thermalising and transporting 

reaction products to the experimental stations. The gas cell has been designed and built based 

on a concept developed at KU Leuven [5]. 

Following extraction from the cell the ions will be transferred by radiofrequency ion guides 

and accelerated towards a magnetic dipole for further mass separation before transportation to 

the experimental setups [6]. Laser ionisation will be possible either in the gas cell or in the gas 

jet using a dedicated Ti:Sapphire laser system and will provide reliable experimental data on 

the ground-state properties of exotic isotopes close to the N=Z line. 

Mass measurements will be achieved through a dedicated radiofrequency quadrupole cooler 

and buncher and a multiple-reflection time-of-flight mass spectrometer [7] which will be 

combined with the facility. These devices will allow for mass measurements of several 

isotopes with high impact on the rp process and which could be used as test grounds for state-

of-the-art nuclear models. 

In this presentation we will give an update on the current state of the MARA-LEB facility and 

discuss the development of individual parts. 

[1] P. Papadakis et al., Hyperfine Interact 237:152 (2016). 

[2] P. Papadakis et al., AIP Conf. Proceed. 2011, 070013 (2018). 

[3] R.K. Wallace and S.E. Woosley, Astrophys. J. Suppl. Ser. 45, 389 (1981). 

[4] J. Sarén, PhD thesis, University of Jyväskylä (2011). 

[5] Yu. Kudryavtsev et al., Nucl. Instr. and Meth. B 376, 345 (2016). 

[6] P. Papadakis et al., Nucl. Instr. and Meth. B, article accepted for publication. 

[7] R.N. Wolf et al., Nucl. Instr. and Meth. A 686, 82 (2012). 
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Study of Astrophysical s‐Process Neutron Capture Reactions  at the 
High‐Intensity SARAF‐LiLiT Neutron Source 

M. Paul,1 M. Tessler,1,3 T. Palchan,1 C. Guerrero,2 J.L. Marco,2 J.M. Quesada,2 S. Halfon,3 L. 
Weissman,3 A. Kreisel,3 A. Shor,3 D. Schumann,4 R. Dressler,4 S. Heinitz,4 E.A, Maugeri,4 

N. Kivel,4 U. Köster,5 J. Zappala,6 P. Müller,6 W. Jiang,7 Z.-T. Lu,7 D. Baggenstos,8 
R. Purtschert,8 M. Weigand,9 T. Heftrich,9 R. Reifarth,9 and D. Veltum9 

1 The Hebrew University, Jerusalem, Israel 
2 University of Seville, Seville, Spain 

3 Soreq Nuclear Research Center, Yavne, Israel 
4Paul Scherrer Institute, Villigen, Switzerland 

5 Institut Laue‐Langevin, Grenoble, France 
6 Argonne National Laboratory, Argonne, IL, USA 

7 University of Science and Technology of China, Hefei, 
China 8 University of Bern, Bern, Switzerland 

9 Goethe University of Frankfurt, Frankfurt, Germany 

We report  on recent  experiments  at the Soreq Applied Research  Accelerator Facility - Liquid-
Lithium Target (SARAF-LiLiT) laboratory dedicated to the study of  s-process  neutron capture 
reactions. The mA-proton beam at 1.92 MeV (2‒3 kW) from SARAF Phase  I  yields high-
intensity  30 keV quasi-Maxwellian  neutrons  (3‒5×1010 n/s). The  high neutron intensity 
enables Maxwellian  averaged cross  sections (MACS) measurements of low-abundance or 
radioactive targets. Neutron capture reactions on  the important s-process branching points 147Pm 
and 171Tm were investigated by activation in the LiLiT neutron beam and γ-measurements of their 
decay products. MACS values at 30 keV extracted from the experimental spectrum-averaged cross 
sections are obtained and will be discussed. The Kr region, at the border between the so-called 
weak and strong s-process was also investigated. Atom Trap Trace Analysis (ATTA) was used for the 
first time for the measurement of a nuclear reaction cross section and the MACS(30 keV) of 
the 80Kr(n,γ)81Kr(t1/2= 230 ky) and 84Kr(n,γ)85gKr(10.8 y) were determined. The latter 
determination was confirmed both by low-level β counting and γ spectrometry while the shorter 
capture products 79,85m,87Kr were detected by γ-spectrometry only. The partial MACS  leading 
to 85mKr(4.5 h) measured in this experiment has interesting implications since this state decays 
preferentially by β decay (79%) to 85Rb on a faster time scale than does 85gKr and behaves thus as 
an s-process branching point. This work was supported in part by Pazy Foundation (Israel) and Israel 
Science Foundation. 
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Single atom counting of 55Fe for explosive stellar

nucleosynthesis studies

S. Pavetich,1 G. Gyürky,2 L.K. Fifield,1 M.B. Froehlich,1

M. Martschini,3 S.G. Tims,1 and A. Wallner1

1Department of Nuclear Physics, The Australian National University, ACT 2601, Australia
2Institute for Nuclear Research (Atomki),

Hungarian Academy of Sciences, 4026 Debrecen, Hungary
3University of Vienna, Faculty of Physics - Isotope Physics,

VERA Laboratory, 1090 Vienna, Austria

Explosive stellar burning is a major contributor to the nucleosynthesis of elements in the mass

region around iron. Relevant reactions for these stellar scenarios (e.g. α- or p-capture), involve

charged particles at energies in the low MeV range. Proper tuning of theoretical nuclear models

and astrophysical network calculations, aiming to reproduce elemental and isotopic abundance

rely on the availability of experimental cross section data. In particular cross sections of charged

particle-induced reactions near the reaction threshold are very sensitive to model parameters but

experimental data is often limited. For example, no suitable experimental data are published for

the 52Cr(α,n)55Fe reaction. Although 55Fe is rather short-lived [t1/2=(2.744±0.009) a][1] the

small cross sections at the relevant particle energies and weak γ-transitions in the 55Fe decay,

make decay counting very challenging.

A combination of α-particle irradiation and Accelerator Mass Spectrometry (AMS) measure-

ments was used to determine the cross section for the reaction 52Cr(α,n)55Fe for astrophysically

important energies. Thin layers of Cr, evaporated on Al foils, were irradiated with α-particles

of 4.5-10 MeV from the cyclotron accelerator at Atomki. Following irradiation, the Cr-Al foils

were dissolved, spiked with natural Fe carrier and converted into Fe2O3. The 55Fe/56Fe ratio of

the samples was determined by AMS and cross sections as low as 3 µb are reported.

Our results for energies above 6 MeV are in excellent agreement with theoretical predictions.

At lower energies the experimental data suggest smaller cross sections than theory, by up to a

factor of three. The new experimental data provide anchor points for alpha capture reactions

in the Fe mass region near their reaction thresholds and also helps to study the alpha nucleus

optical potential.

[1] H. Junde, Nucl. Data Sheets 109, 787 (2008).
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Effect of N/Z and dissipation in the fission of 212,214,216Ra

nuclei via neutron multiplicity measurements

E. Prasad1, ∗

1Department of Physics, Central University of Kerala, Kasaragod 671316, India.

Pre-scission neutron multiplicity (νpre) is one of the best probes to understand the evolution of

the compound nucleus formed in heavy ion fusion. Measured νpre is observed to be larger than

the standard statistical model (SSM) [1] predictions in many cases [2, 3] and were attributed

to the dynamical delay or dissipation involved in fission. A few attempts have been made to

understand the effect of neutron shell closure, N/Z and dissipation in fission dynamics. The

deduced dissipation strength is shown to have a strong temperature dependence in some of

these works [4, 5]. Contradicting results are also reported. A correlation between the shell

closure and dissipation strength is also worked out in a few cases [4].

We measured the pre-scission neutron multiplicity for the 30Si+182,184,186W reactions popu-

lating 212,214,216Ra compound nuclei. Among the CN populated, 214Ra has neutron shell closure

(N=126) and others are two neutrons away on either sides. It is observed that the measured νpre

values increase with increasing N/Z of the compound nuclei at all excitation energies. However

the measured νpre does not show any noticeable effect of shell closure at N=126. Statistical

model analysis [6] of the νpre excitation function has been performed including the collective

enhancement of level density (CELD), shell correction at fission barrier and level density, K-

orientation effect in fission width and dissipation. The strength of pre-saddle dissipation was

fixed by reproducing the evaporation residue cross section for the 30Si+186W reaction and var-

ied the strength of post-saddle dissipation according to the measured νpre values. The measured

νpre values are observed to be larger than the Bohr-Wheeler predictions indicating the effect of

dissipation. Strength of the deduced dissipation coefficient does not show any effect of neutron

shell closure in the measured excitation energies and does not vary with the N/Z of the fissioning

nuclei. Most importantly, the dissipation strength does not show any temperature dependence

unlike reported earlier [5]. Emission of pre-saddle neutrons is observed to be energy indepen-

dent. A substantial contribution to νpre comes from the post-saddle phase of shape evolution.

CELD and K-orientation effects are also observed to be significant in these nuclei.

[1] N. Bohr and J. A. Wheeler, Phys. Rev. 56, 426 (1939).

[2] M. Shareef et al., Phys. Rev. C 99, 024618 (2019).

[3] J. P. Lestone, Phys. Rev. Lett. 70, 2245 (1993).

[4] Varinderjith Singh et al., Phys. Rev. C 86, 014609 (2012).

[5] Rohit Sandal et al., Phys. Rev. C 87, 014604 (2013).

[6] Tathagata Banerjee, S. Nath, Santanu Pal, Phys. Lett. B 776, 163 (2018).

∗Electronic address: prasadenair@cukerala.ac.in
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Changing Picture of Energy Generation in Australia and the U.S. 

L.L. Riedinger1 
1Department of Physics, University of Tennessee, Knoxville, TN, USA 37996 

Australia is rich in fossil-fuel resources, has been the world’s leading exporter of coal, and is 

increasing its exports of natural gas.  Australia has relied heavily on burning these two fuels 

for supply of electricity and 12 years ago was one of the leading per-capita emitters of CO2.  

A subsequent rapid increase in wind and solar generation of electricity (now 23%) has 

substantially reduced emissions.  The country holds the world’s largest proved recoverable 

reserves of uranium but has no nuclear-powered electricity generation capacity and exports all 

of its uranium production.  Debate continues about whether Australia should begin to allow 

and even develop nuclear power as a way to combat climate change.  Professor George 

Dracoulis advised the government on nuclear issues and published his positive views on 

nuclear energy [1] after the 2011 tsunami disrupted reactors at Fukushima.  The U.S. has also 

decreased use of coal, increased natural gas consumption, and rapidly ramped up wind (but 

not solar) generation of electricity.  Nuclear remains a substantial component (19%) in the 

U.S. but is decreasing as cheap natural gas forces closure of some nuclear plants.  Both 

countries are struggling (in different ways) with the role of nuclear energy in a world with a 

warming climate. 

[1] G. Dracoulis, Asian Scientist Magazine,

https://www.asianscientist.com/2011/03/features/will-nuclear-energy-survive/ (2011).
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Recent and Future Underground Low-Energy 
Nuclear Astrophysics Experiments

D. Robertson,1 A. Boeltzig,1 T. Borgwardt,2 M. Couder,1 B. Frentz,1 J. Görres,1 A. Gula,1 

M. Hanhardt,2 T. Kadlecek,2 C. Senarath,2 F. Strieder,2 and M. Wiescher1

1Department of Physics and Joint Institute for Nuclear Astrophysics,
University of Notre Dame, IN, 46556, United States

2Department of Physics, South Dakota School of Mines & Technology, Rapid City, SD, 57701, USA

The broad field of Nuclear Astrophysics considers a wide range of stellar 
burning processes and nuclear interactions all feeding into the chemical evolution 
of our Uni-verse. In order to probe such a diverse range of nuclear processes, a 
complementary set of experimental and theoretical tools must be developed. The 
profound difficulty in measuring low-energy reactions in the stellar burning regime 
highlights the need for the development of such techniques. Ongoing 
advancements consider higher in-tensity accelerators, more robust and isotopically 
enriched target material and lower background interference, to name a few. 
Underground Nuclear Astrophysics facilities such as CASPAR, utilize natural 
background suppression to extend current exper-imental data to the lower energies 
required. New facilities around the world are coming on-line with a view to 
capitalizing on underground cosmic-ray suppression, each offering unique 
techniques and capabilities. This talk will highlight recent and future CASPAR 
campaigns incorporating above and below ground measurements of reactions.
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Constraining the conditions for r-process nucleosynthesis via nuclear

measurements at CARIBU

G. Savard,1,2 J.A. Clark,1 R. Orford,1,3 D. Ray,1,4 K.S. Sharma,4 and A. Valverde1

1 Physics Division, Argonne National Laboratory, Lemont, Illinois 60439, USA 
2 Department of Physics, University of Chicago, Chicago, Illinois 60637, USA

3 Department of Physics, McGill University, Montreal, Quebec H3A 2T8, Canada
4 Department of Physics and Astronomy, University of Manitoba, Winnipeg, Manitoba R3T

2N2, Canada

The r-process, a series of rapid neutron-capture reactions in cataclysmic astrophysical events

such as neutron star mergers,  is  responsible for the creation of roughly half  of the heavy

nuclei in our universe. The conditions present in these events are such that neutron-capture

reactions occur on a time scale much shorter than the lifetime of the nuclei involved and the

process therefore proceeds mainly through reactions on short-lived very neutron-rich nuclei,

most  of which having never  been observed in the laboratory. Sensitivity studies [1] have

looked at various scenarios for the r-process conditions and identified nuclei  whose basic

properties would have the largest impact on the distribution of produced nuclei. At ANL, a

program centered around the ATLAS facility is aimed at improving access to these nuclei and

has developed tools to measure the most critical quantities to constrain r-process scenarios.

The talk will discuss the basic nuclear physics inputs required to understand the r-process and

will present the CARIBU upgrade of ATLAS that is now providing access to some key nuclei

along the r-process path. Recent measurements [2] on nuclei around the N=82 and rare-earth

r-process  abundance  peaks,  focusing  on Penning trap  mass  measurements  on  very exotic

isotopes obtained via a new more sensitive cyclotron frequency detection method, will  be

discussed.  Finally, a  new facility, the N=126 factory, aimed at  providing access  to nuclei

important for the formation of the heaviest r-process abundance peak, will be presented.

This material  is based upon work supported by the U.S. Department of Energy, Office of

Nuclear Physics, under Contract No. DE-AC02-06CH11357.

[1] M.R. Mumpower, R. Surman, G.C. McLaughlin, and A. Aprahamian, Prog. Part. Nucl.

Phys. 86, 86 (2016). 

[2] R. Orford et al, Phys. Rev. Lett. 120, 262702 (2018). 
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Measurement of small and ultra-small 14C samples

A. Stolz,1 L. Bussmann,1 G. Hackenberg,1 S. Heinze,1 S. Herb,1 D. López,2 J. Melchert,2 

C. Müller-Gatermann,1 M. Schiffer,1 R. Spanier,1 J. Rethemeyer,2 T. Dunai,2 and A. Dewald1

1 Institute of Nuclear Physics, University of Cologne, Germany
2 Institute of Geology and Mineralogy, University of Cologne, Germany

In the field of geo-science applications there is an increasing demand for small and ultra-small
14C measurements, e.g. for compound specific or in-situ investigations. For this purpose it is 

an attractive option to measure the sample material directly as CO2 without performing the 

usual graphitization. At CologneAMS we are operating a dedicated Cs sputter source, HVE 

SO-110 B, which has been tuned for an efficient C- extraction when CO2 is used as sample 

material. In routine operation a negative ion yield of 6% is obtained. For the CO2 injection we 

use an Ionplus AG gas system for which the control of the automated measurements was 

modified.

With this setup gaseous samples of 1-300 µg carbon can be measured. The blank level for 

samples with masses >50 g is 3 10-15 while the detection limit of smaller samples is limited 

due to a contamination of typically 0.3–0.4 µg modern carbon which is mostly introduced 

during sample preparation work. In order to further improve the system towards the operation 

of ultra-small samples, special effort was spent to lower the blank level. Additionally, first test

measurements of in-situ samples, prepared from 1-3 g of 14C saturated CoQtz-N material and 

SynQtz blanks, have successfully been performed which yielded 14C contents of 50k-750k 

atoms, with 50k atoms being the blank value.

A new spectrometer for stable isotope measurements, isoprime precisION from elementar, 

was acquired and will be connected to the existing gas system. This allows to measure the 

same sample material simultaneously with two different spectrometers and fractionation 

effects can be investigated more detailed.

In this contribution we report on the actual performance of the measurements and the status of

the set-up.
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Ion Beam Techniques for Nuclear Waste Management

M. Schiffer,1 L. Bussmann,1 M. Dewald,2 B. Dittmann,2 K. Eberhard,3 G. Hackenberg,1

 S. Heinze,1 S. Herb,1 R. Margreiter,4 M. Michel,4 C. Müller-Gatermann,1 R. Spanier,1

 A. Stolz,1 E. Strub,4  and A. Dewald1

1 Institute of Nuclear Physics, University of Cologne, Germany
2 Gesellschaft fuer Anlagen- und Reaktorsicherheit gGmbH, Germany

3 Institute of Nuclear Chemistry, Mainz University, Germany
4 Institute of Nuclear Chemistry, University of Cologne, Germany

In the field of nuclear waste management, the determination of difficult to measure isotopes

are  important  for  the  isotopic  nuclide  inventory  in  disposal  material.  Accelerator  mass

spectrometry (AMS) can propose a new precise and reliable way for the quantification of the

radioactive material by the means of direct atom counting.

One  example  is  the  measurement  of  14C,  which  is  normally  measured  with  the  liquid

scintillation  technique  (LS).  The  AMS  technique  offers  a  much  higher  sensitivity  which

becomes crucial for future German clearance levels of 0.1Bq/g. In addition no pre-treatment

of the samples are needed. Especially in the case of reactor concrete originated e.g. from the

bio-shield  of  a  nuclear  power  plant,  the  sample  material  can  be  directly  burned  in  an

Elemental Analyzer (EA) and the extracted CO2 gas can be delivered to the AMS system.

For the radiological characterization of radioactive material,  the reference nuclides  60Co or
152Eu  are  normally  used,  because  they  are  relatively  easy  to  measure  by  gamma  ray

spectroscopy. The disadvantages are the relatively short half-lives and in the case of reactor

concrete they are produced at trace elements. Therefore, we investigated the suitability of 41Ca

as a reference isotope for reactor concrete. Over one hundred defined neutron irradiated heavy

concrete samples, with isotopic ratios in the range of 1.0x10-12 to 1.0x10-9, were measured at

the  Cologne  AMS  system.  The  results  confirm  that  AMS  is  very  well  suited  for

decommissioning purposes.

In  addition,  the  technique  of  Projectile  X-ray  AMS  (PXAMS)  offers  the  opportunity  to

measure medium mass isotopes like  90Sr, by the measurement of characteristic X-rays. We

investigated the X-ray production yields for different target materials in an ion energy range

of 0.35 MeV/u to 1.80 MeV/u for the determination of attainable sensitivity.
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Time-Dependent Hartree-Fock Theory and Its Extensions for
the Superheavy Element Synthesis

K. Sekizawa,1 K. Hagino,2 and A. Wakhle3

1Center for Transdisciplinary Research, Institute for Research Promotion,
Niigata University, Niigata 950-2181, Japan

2Department of Physics, Tohoku University, Sendai 980-8578, Japan
3Cyclotron Institute, Texas A&M University, TX 77840, USA

In this contribution, recent extensions and applications of the TDHF approach for the super-
heavy element (SHE) synthesis will be discussed. (See, e.g., [1] for a recent review of TDHF.)

Quasifission is the predominant process that prevents the compound-nucleus (CN) formation
in SHE synthesis. To understand the mechanism of quasifission is thus a crucial step towards
the synthesis of the yet-unknown elements, 119, 120, and beyond. Here, we report results of
systematic TDHF calculations for various projectile-target combinations (ZCN = 118, 119 and
120) at a range of incident energies. Equilibration dynamics (mass/charge/energy) in quasifis-
sion will be discussed.

Although TDHF is capable of describing the quasifission process in reactions for SHE synthe-
sis, the CN formation after capture due to the thermal fluctuation of nuclear shapes is out of
reach of the TDHF description. To evaluate the evaporation-residue formation probability, we
have developed [2] a novel approach that combines TDHF with a Langevin model (fusion-by-
diffusion model [3, 4]). In the latter approach, the entrance-channel dynamics are described
microscopically within TDHF, which provides the initial condition for the diffusion process
over the inner barrier. Implications of the TDHF+Langevin approach when applied to hot fu-
sion reactions to synthesize the element 120 (i.e.,48Ca+254,257Fm,51V+249Bk, and54Cr+248Cm)
[2] will be discussed.

Last but not least, the search for an alternative mechanism of SHE productions rather than fu-
sion is of great importance. A seminal work by Zagrebaev and Greiner [5] initiated a revival of
interest, where it has been demonstrated that multinucleon transfer (MNT) processes in deep-
inelastic collisions of actinide nuclei (e.g.,238U+248Cm) may be useful to produce new SHEs.
To explore this possibility, we have combined TDHF and TDRPA [6], where the latter incorpo-
rates fluctuations and correlations beyond TDHF, together with recent experimental data taken
at the Texas A&M Cyclotron Institute. The possibility of SHE productions via MNT processes
will be discussed.

[1] K. Sekizawa, Front. Phys.7, 20 (2019).
[2] K. Sekizawa and K. Hagino, Phys. Rev. C99, 051602(R) (2019).
[3] W.J. Swiątecki, K. Siwek-Wilczýnska, and J. Wilczýnski, Phys. Rev. C71, 014602 (2005).
[4] K. Hagino, Phys. Rev. C98, 014607 (2018).
[5] V.I. Zagrebaev and W. Greiner, Phys. Rev. C83, 044618 (2011).
[6] E. Williams, K. Sekizawa, D.J. Hinde et al., Phys. Rev. Lett.120, 022501 (2018).
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Combining activation technique and AMS

for s-process measurements

Z. Slavkovská,1 S. Pavetich,1 R. Reifarth,2 and A. Wallner1

1Department of Nuclear Physics, The Australian National University, ACT 0200, Australia 
2Goethe University Frankfurt, Max-von-Laue Str.1, 60438 Frankfurt, Germany

About half of the heavy elements above iron are produced in the slow neutron capture process

(s-process). To understand this process, it is essential to obtain reaction cross sections under

conditions corresponding to the respective astrophysical site. For the s-process, typical neutron

energies are in the keV range.

Several activations with keV neutrons were performed at Karlsruhe Institute of Technol-

ogy (KIT) in Germany [1]. Neutrons were produced by the reaction 7Li(p,n) at the Karlsruhe

3.7 MV Van de Graaff accelerator. A quasistellar neutron spectrum could be produced, which

approximates the Maxwellian distribution for kT = 30 keV.

These activations were followed by Accelerator Mass Spectrometry (AMS) at different fa-

cilities. The results were then compared to those of Time of Flight (ToF) measurements. The

AMS results are systematically lower than the ToF results.

To investigate this discrepancy, a measurement at Frankfurt Neutron Source (FRANZ) in

Germany [2] is planned to be performed this year. A neutron flux of about 108 /cm2 /s will be

provided by the reaction 7Li(p,n) at the Van de Graaff accelerator. An activation using the same

method as at KIT but with a different accelerator might reveal the reason for the systematic

deviation between the AMS and ToF data. Subsequent AMS measurements will be performed

at the 14 MV tandem accelerator of the Heavy Ion Accelerator Facility (HIAF) at the Australian

National University in Canberra [3].

To complement the existing activations at kT = 30 keV, additionally several small samples

are planned to be activated. Using small samples of milligramm order offers several advantages:

more samples can be activated simultaneously and depending on sample positioning, different

neutron energy spectra are covered within one activation. This way, a wider energy range of the

s-process between about 10 and 100 keV can be reached.

In the future, FRANZ with its neutron flux up to 1012 /cm2 /s will be the most powerful

neutron source in astrophysically relevant energy range [2]. Activation experiments at neutron

flux this high combined with the AMS technique will tremendously improve the understanding

of the astrophysical s-process.

[1] W. Ratynski and F. Käppeler, Neutron capture cross section of Au 197: A standard for stellar

nucleosynthesis. Physical Review C 37.2(1988):595.

[2] R. Reifarth et al., Opportunities for Nuclear Astrophysics at FRANZ. Publications of the Astronom-

ical Society of Australia 26.3(2009):255-258.

[3] Keith L. Fifield et al., Accelerator mass spectrometry with the 14UD accelerator at the Australian

National University. Nuclear Instruments and Methods in Physics Research Section B: Beam Inter-

actions with Materials and Atoms 268.7-8 (2010): 858-862.
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Cosmogenic radionuclides as signatures of past Solar storm events

A.M. Smith,1 K. Wilcken,1 K. Simon,1 M. Dee,2 M. Kuitems,2
 A. Scifo,2 A. Moy,3 

M. Curran,3 A. Wallner,4 D. Fink,1 and T. Fujioka 1

1. Australian Nuclear Science and Technology Organisation, NSW 2232, Australia
2. Centre for Isotope Research, University of Groningen, Netherlands

3. Australian Antarctic Division, TAS 7001, Australia
4. Department of Nuclear Physics, The Australian National University, ACT 2601, Australia

This collaborative project examines the relationship between the ‘Carrington Event’ (CE), the

largest solar storm of modern times [1], and two recently discovered cosmic radiation events

of  greater  magnitude,  the  ‘Miyake  Events’  (ME)  [2,  3].  The  intention  is  to  construct

cosmogenic isotope (14C, 10Be and 36Cl) profiles across the CE, so they can be compared with

similar data that have already been obtained for the ME [4]. We will use ice cores from Law

Dome, East Antarctica, collected under Australian Antarctic Science awards, for the 10Be and
36Cl analyses. The large diameter DSS0506 ice core will permit high-resolution measurements

at ANSTO of 10Be and 36Cl across the CE. Furthermore, we also intend to measure 10Be and
36Cl in the main DSS ice core across the ME. These measurements will complement existing

data as both isotopes will be measured in the same ice core for each event for the first time

and at high temporal resolution. New tree rings spanning the CE and ME, sourced from the

Oxford  Dendrochronology  Laboratory,  have  been  measured  for  14C  at  the  University  of

Groningen at mostly annual resolution. The ultimate goal of this study is to determine whether

or not all  three events are manifestations of the same phenomena. A secondary goal is to

provide a check on the independent DSS-main ice core chronology.

The CE of 1859 is known from geomagnetic data and contemporary records of the aurorae,

which were observed as far south as the tropics [1]. The event predated ground-based neutron

detectors  and  routine  cosmogenic  isotope  measurement,  so  the  intensity  of  the  incident

particle radiation is still a matter of conjecture. Indeed, this question has been thrown into

sharp focus recently by new discoveries in palaeoastronomy. Analyses of natural archives

(tree-rings and ice-cores) have revealed that production of the cosmogenic isotopes 14C, 10Be

and  36Cl  spiked  dramatically  in  the  years  774-775  AD and  993-994  AD [2,  3,  4].  Such

anomalies could only have been generated by sudden bursts  of  cosmic radiation.  Several

sources were initially proposed for the radiation, however, the consensus now is that they

were driven by solar activity.

Here we discuss progress with the measurement of the cosmogenic radioisotopes and consider

how the relative production rates of the cosmogenic radioisotopes may be used to substantiate

a  solar  cause  for  the  historical  radiation  events  and to  infer  the  spectral  hardness  of  the

initiating solar protons.

[1] Cliver, E. W. & Svalgaard, I. 2004. Solar Physics 224: 407–422. DOI: 10.1007/s11207-

005-4980-z.

[2] Miyake, F., et al. 2012. Nature 486: 240-242. DOI: 10.1038/nature11123.

[3] Miyake,  F.  et  al.  2013.  Nature  Communications  4:  1748-1752.  DOI:

10.1038/ncomms2783.

[4] Mekhaldi, F. et al. 2015. Nature Communications 6: 1-8. DOI: 10.1038/ncomms9611.
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Role of the surface energy in heavy-ion collisions

P.D. Stevenson1

1 Department of Physics, Universirty of Surrey, Guildford, Surrey, GU2 7XH, United

Kingdom

A series  of  Skyrme interaction  parameters  (called  SLy5sX for  X=1..8)  has  recently been

developed  [1]  in  which  there  is  a  systematic  variation  of  the  surface  energy,  i.  e.  the

coefficient asurf term in the semi-empirical mass formula

E ( A ) ≈avol A+asurf A
2

3+acurv A
1

3+…

An exploration of these interactions shows e.g. that the systematic variation of the surface

energy leads to a conspicuous variation in the deformation energy for the fission barriers in
240Pu as asurf  varies.

We systematically explore the properties of these SLy5sX parameters in heavy-ion collisions

on the supposition that interesting results may occur since a lower surface energy means that a

nucleus is more easily deformed and may be more easily polarized in the early stages of the

fusion pathway, or during a glancing reaction.

Results of fusion calculations for 40Ca + 48Ca with the Frozen Hartree Fock approximation and

with Time-Dependent Hartree-Fock show a slight but monotonic decrease in the fusion barrier

height as the surface energy increases, with a barrier difference of ~200 keV between the

extreme values of the surface energy.  

Calculations of heavier nuclei, in which nuclear matter properties have a more dominant role

than in lighter nuclei, are underway and will be presented.  

[1] R. Jodon, M. Bender, K. Bennaceur, and J. Meyer, Phys. Rev. C 94, 024335 (2016)
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Fission Product Yield Measurements from Neutron Induced

Fission of
235,238

U and
239

Pu

M.A. Stoyer,1 A.P. Tonchev,1 J.A. Silano,1 M.E. Gooden,2 J.B. Wilhelmy,2 

W. Tornow,3 C.R. Howell,3 F. Krishichayan,3 and S. Finch3

1Lawrence Livermore National Laboratory, Livermore, CA 94550 USA
2Los Alamos National Laboratory, Los Alamos, NM 87545 USA

3Triangle Universities Nuclear Laboratory, Durham, NC 27708 USA

Fission product yields (FPY) are one of the most fundamental quantities that can be measured

for a fissioning nucleus and are important for basic and applied nuclear physics. Recent

measurements [1–3] using mono-energetic and pulsed neutron beams generated using Triangle

Universities Nuclear Laboratory’s tandem accelerator and employing a dual fission chamber

setup [4] have produced self-consistent, high-precision data critical for testing fission models

for the neutron-induced fission of 235,238U and 239Pu between neutron energies of 0.5 to

15.0 MeV. These data have elucidated a low-energy dependence of FPY for several fission

products using irradiations of varying lengths and neutron energies. This talk will present these

measurements and discuss new measurements just beginning utilizing a RApid Belt-driven

Irradiated Target Transfer System (RABITTS) to measure shorter-lived fission products

and the time dependence of fission yields, expanding the measurements from cumulative

towards independent fission yields. The uniqueness of these FPY data and the impact on the

development of fission theory will be discussed.

This work was performed under the auspices of the U.S. Department of Energy by Lawrence

Livermore National Laboratory under contract DE-AC52-07NA27344, and in part by the US

Department of Energy, Office of Nuclear Physics, under Grant No. DE-FG02-97ER41033,

and the SSAA Program of the National Nuclear Security Administration under Grant No. DE-

NA0003884.

[1] M. E Gooden, C. W. Arnold, J. A. Becker, C. Bhatia, E. M. Bond, T. A. Bredeweg, B. Fallin, M. M.

Fowler, C. R. Howell, J. H. Kelley, F. Krishichayan, R. Macri, G. Rusev, C. Ryan, S. A. Sheets, M.

A. Stoyer, A. P. Tonchev, W. Tornow, D. J. Vieira, and J. B. Wihelmy Nucl. Data Sheets 131, 319

(2016).

[2] C. Bhatia, B. F. Fallin, C. R. Howell, J. H. Kelley, W. Tornow, C. W. Arnold, E. Bond, T. A. Bre-

deweg, M. M. Fowler, W. Moody, R. S. Rundberg, G. Y. Rusev, D. J. Vieira, J. B. Wihelmy, J. A.

Becker, R. Macri, C. Ryan, S. A. Sheets, M. A. Stoyer, and A. P. Tonchev Phys. Rev. C 91, 064604

(2015).

[3] C. Bhatia, B. Fallin, C. Howell, W. Tornow, M. Gooden, J. Kelley, C. Arnold, E. Bond, T. Bredeweg,

M. Fowler, W. Moody, R. Rundberg, G. Rusev, D. Vieira, J. Wihelmy, J. Becker, R. Macri, C. Ryan,

S. Sheets, M. Stoyer, and A. Tonchev Nucl. Data Sheets 119, 324 (2014).

[4] C. Bhatia, B. Fallin, M. E. Gooden, C. R. Howell, J. H. Kelley, W. Tornow, C. W. Arnold, E. M.

Bond, T. A. Bredeweg, M. M. Fowler, W. A. Moody, R. S. Rundberg, G. Rusev, D. J. Vieira, J. B.

Wihelmy, J. A. Becker, R. Macri, C. Ryan, S. A. Sheets, M. A. Stoyer, and A. P. Tonchev Nucl. Inst.

Methods A 757, 7 (2014).
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The Heavy Ion Accelerator Facility: Research Achievements

and Aspirations

A.E. Stuchbery1

1Department of Nuclear Physics, The Australian National University, ACT 2601, Australia

An overview of Australia’s Heavy Ion Accelerator Facility (HIAF) will be presented, including

a survey of the accelerator infrastructure and its capabilities, as well as the beam line instru-

mentation. (See Fig. 1.)

Some recent research achievements will be highlighted. Accelerator upgrades and instrumen-

tation developments in train will be described, along with some of our aspirations for the

longer-term development of the Facility and its associated research programs.

The aim will be to set the stage for the Symposium, which we hope will provide a venue

for many productive exchanges of ideas between the participants and grow collaborations for

future research work, particularly work at HIAF.
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FIG. 1: The Heavy Ion Accelerator Facility and beam line instrumentation
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The ANU Heavy Ion Accelerator Facility External Beam Line

J. Stuchbery,1 S. Shaharuddin,1 E. Lu,1 Gan Ze-Kai,1 A. Cho,1 A. Green,1 and E. C. Simpson2 

1College of Engineering, The Australian National University, ACT 2601, Australia
2Department of Nuclear Physics, The Australian National University, ACT 2601, Australia

The ANU Heavy Ion Accelerator Facility provides important infrastructure for various ion-
beam research opportunities. Proton therapy and other radiotherapies using massive particles,
such as carbon-12 are emerging as an alternative to traditional photon radiotherapies [1].
Such particles have an energy deposition-depth profile that results in high dosage near the end
of their track, with a relatively low dose elsewhere [1, 2]. The biological effect of protons
and heavy ions are less well understood than those of photons. In order to study the effect
of radiation on cell cultures an external beam is required as the cells cannot be placed in vacuum.

Here, we present an initial design for an external beam apparatus at the ANU heavy ion
accelerator facility (HIAF). System engineering methods were used to develop the architecture
of the apparatus (Figure 1) and dictated the development of a simulation framework. This
framework consists of a GISCOSY beam optics simulation coupled to a Geant4 simulation that
simulates the beam transition through a thin window into the air.

The spread, energy and intensity distributions of proton and carbon-12 beams were studied as a
function of distance from the window, as well as the effects of alternative window materials and
thicknesses. Finite element analysis is recommended to optimize the window mechanical and
thermal properties. The cost of the new hardware was estimated to be approximately $12,000.

Overall, this work aims to lay the foundations of an external beam design, a simulation test
framework, and the basis for a grant application for an external beam at the ANU HIAF.

FIG. 1: The Mechanical design of the external beam apparatus, integrated with the existing beam pipe.

[1] R. Mohan and D. Grosshans. Proton therapy – present and future. Advanced Drug Delivery Reviews,

109:26–44, 2017.

[2] S. Kameoka and et al. Dosimetric evaluation of nuclear interaction models in the geant4 monte carlo

simulation toolkit for carbon-ion radiotherapy. Radiological physics and technology, 1(2):183–187,

2008.
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AMS measurements of cosmogenic nuclide concentrations resolve mountain

landscape evolution and the glacial history in the Pamir, Central Asia

K. Stübner,1 B. Bookhagen,1 S. Merchel,2 G. Rugel,2 and J. Lachner3

1 Institute of Earth and Environmental Sciences, University of Potsdam, Germany
2 Institute of Ion Beam Physics and Materials Research, Helmholtz-Zentrum Dresden-

Rossendorf, Germany
3 Isotope Physics, University of Vienna, Austria

Secondary  cosmic  rays  interact  with  terrestrial  materials  in  the  atmosphere  and  near  the

Earth's  surface to produce cosmogenic radionuclides.  The production and accumulation of

cosmogenic  10Be and  26Al in quartz allows geologists to investigate processes of landscape

evolution such as erosion, landsliding, sediment transport and deposition on time scales of

thousands to few millions of years. The Pamir mountains at the western end of the India-Asia

collision zone have been in the focus of geologic research since the early 2000s. While the

tectonic evolution of the Pamir is increasingly well understood, the drivers of Pamir landscape

evolution remain elusive. The western Pamir is characterized by an extreme topographic relief

with summit and valley elevations of 6-7 km and 2-3 km, respectively; the eastern Pamir is a

low-relief  plateau at ~4 km. This contrast  may be attributed to higher precipitation in the

western  Pamir  driving  faster  river  incision  and  erosion  compared  to  the  arid  east.

Alternatively, the relief may be controlled by spatially variable, tectonically forced surface

uplift.  Field observations suggest that Pleistocene glaciation of the Pamir was much more

extensive than modern glaciation, and that glaciation had a significant impact on the evolution

of the Pamir landscape. 

We use  cosmogenic  10Be and  26Al  concentrations  in  moraine  boulders,  glacially  polished

bedrock and glacio-alluvial  sediment  deposits  to  determine  the  timing  and extent  of  past

glacial  stages with the goal  to better  understand what  controls  landscape evolution in the

Pamir. Our results indicate that early Holocene (~10 ka) glaciation was more extensive than

previously thought, and that at that time the western Pamir was much more strongly glaciated

than the  east.  The most  widespread glaciation  occurred at  ≥200 ka  covering  most  of  the

western Pamir and possibly also much of the east Pamir plateau. These results strengthen our

hypothesis  that  the  glacial  history of  the Pamir  had a significant  impact  on its  landscape

evolution.
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Systematic Study of Quasifission in 48Ca-Induced Reactions

B.M.A. Swinton-Bland,1 D.J. Hinde,1 M. Dasgupta,1 D.Y. Jeung,1 

C. Simenel,1 E.C. Simpson,1 E. Williams,1 I.P. Carter,1 K.J. Cook,1 

E. Prasad,1 C. Sengupta,1 J.F. Smith,1 K. Vo-Phuoc,1 and J. Walshe1

1Department of Nuclear Physics, The Australian National University, ACT 0200, Australia

Superheavy elements (SHEs) mark the upper boundary of the existence of atomic nuclei.

The production of SHEs through the fusion of two heavy nuclei is severely hindered by the

quasifission (QF) process, which results in the fragmentation of heavy systems before an

equilibrated compound nucleus (CN) can be formed [1]. The QF process is the most sig-

nificant limitation to SHE formation, and so a detailed understanding of this process is essential.

The heaviest elements have been synthesised using 48
Ca as the projectile nucleus [2, 3].

However, the use of 48
Ca in the formation of new SHEs has been exhausted, as the production

of targets heavier than 249
Cf suitable for SHE production is currently not achievable. Thus,

heavier projectile nuclei are required to produce new SHEs. To determine which heavier

projectile should be used, an understanding of what has made 48
Ca so successful is crucial.

A systematic study of QF in 48
Ca-induced reactions with a variety of target nuclei at energies

close to the Coulomb barrier is presented. Ten different target nuclei were used, ranging

from the spherical 144
Sm, to strongly deformed nuclei, such as 170

Er and 186
W, through to

the spherical 208
Pb. These targets allow the role of deformation in the subsequent reaction

dynamics to be investigated. Moreover, the role of closed shells can also be investigated, due

to the fact that the 48
Ca projectile and 208

Pb target both have full proton and neutron shells,

whilst 144
Sm has a closed neutron shell.

To investigate the presence of QF, mass and mass-angle distributions (MADs) have been

measured for all 10 reactions. The systematic changes of both the mass distributions and

MADs shall be discussed in this talk, along with a novel method to investigate the probability

of forming a CN through measurements of two different reactions that form the same CN.

[1] J. Tōke et al., Nucl. Phys. A 440, 327 (1985)

[2] Y. T. Oganessian et al., Phys. Rev. C 74, 044602 (2006).

[3] Y. T. Oganessian et al., Phys. Rev. Lett. 109, 162501 (2012).

[4] R. du Reitz et al., Phys. Rev. C 88, 054618 (2013)
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Study of Barrier Distributions from Quasielastic Scattering

Cross Sections towards Superheavy Nuclei Synthesis

T. Tanaka1, 2, 3

1RIKEN Nishina Center for Accelerator-Based Science, Saitama 351-0198, Japan
2Department of Physics, Kyushu University, Fukuoka 819-0395, Japan

3Department of Nuclear Physics, The Australian National University, ACT 2601, Australia

The study of Coulomb barrier distributions is of fundamental importance in understanding

heavy-ion induced fusion reactions towards syntheses of superheavy nuclei[1, 2]. Cross sec-

tions of the reactions for producing new elements are predicted to be much smaller than those

for the existing elements[3–5]. They are also known to be particularly sensitive to the incident

energy. One of the most direct information for determining the optimum incident energy is pro-

vided by the barrier distribution. This work aims at precisely obtaining the barrier distribution

of heavy-ion induced reactions by measuring the quasielastic (QE) scattering, in order to clarify

the relation between the barrier distribution and the optimum incident energy at which the evap-

oration residue cross section is maximized. To this end, the excitation functions of QE scatter-

ing cross sections σQE relative to the Rutherford cross sections σR for 48Ca+208Pb, 50Ti+208Pb,
48Ca+238U, 22Ne+248Cm, 26Mg+248Cm, 30Si+248Cm, 34S+248Cm, 40Ar +248Cm, 48Ca+248Cm

and 50Ti+248Cm systems were measured. What is new in this method is measuring the recoiled

nuclei at forward angles (θ ∼ 0
◦ ) using GARIS. This method enables us to derive the barrier

distribution for angular momentum l ∼ 0 concerned with superheavy nuclei synthesis. The

QE scattering events were well separated from deep-inelastic events by using GARIS and its

focal plane detectors. The QE barrier distributions were extracted for the 10 reaction systems

previously noted, and were compared to coupled-channels calculations, and were compared to

evaporation residue cross-sections. The calculation results indicate that the deformation of acti-

noide target nucleus, the vibrational and rotational excitations of the colliding nuclei, as well

as neutron transfers before contact, affect the structure of the barrier distribution. The peak

of the 2n evaporation cross-section of the cold fusion reactions 48Ca+208Pb and 50Ti+208Pb –

relevant to the synthesis of No (atomic number Z = 102), Rf (Z = 104) – emerged at the same

energy as a local maximum of the barrier distributions. The evaporation residue cross-section

of the hot fusion reactions 22Ne+248Cm, 26Mg+248Cm, 48Ca+238U and 48Ca+248Cm – relevant

to the synthesis of Sg (Z = 106), Hs (Z = 108), Cn (Z = 112) and Lv (Z = 116), which are

the frontier of the known superheavy nuclei – peak at an energy between experimental average

Coulomb barrier height and the Coulomb barrier height for a side collision, where the projectile

approaches along the short axis of a prolately deformed nucleus. This suggests that the hot

fusion reactions take advantage of a compact collision geometry with the projectile impacting

the side of the deformed target nucleus.

[1] S.S. Ntshangase et al., Phys. Lett. B 651, 27 (2007).

[2] S. Mitsuoka et al., Phys. Rev. Lett. 99, 182701 (2007).

[3] L. Zhu et al., Phys. Rev. C 89, 024615 (2014).

[4] N. Ghahramanya et al., Eur. Phys. J. A 52, 287 (2016).

[5] G.G. Adamian et al., Nucl. Phys. A 970, 22 (2018).
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Penetration effect on internal conversion for the 35.5 keV M1

l-forbidden transition in 125Te following the EC-decay of 125I

B. Tee,1 T. Kibédi,1 A.E. Stuchbery,1 J.T.H. Dowie,1 M. Alotiby,2 and M. Vos2

1Department of Nuclear Physics, The Australian National University, ACT 2601, Australia
2Electronics Materials Engineering, The Australian National University, ACT 2601, Australia

The probability of the emission of a conversion electron is most often evaluated from the probability of

photon emission and the internal conversion coefficient (ICC), α. This assumes that all nuclear structure

effects are contained in the γ-ray emission probability and α only depends on atomic properties. In

this case the interaction between the conversion electron and the nucleons only takes place outside the

nucleus [1]. This picture is valid for most transitions, however, the atomic electron involved in the

conversion process may penetrate into the nucleus and will interact with the transition charges and

currents in the interior of the nucleus. The corresponding “dynamic penetration” matrix element Me,

which is dependent on the nuclear structure and not necessarily proportional to the γ-ray matrix element

Uγ (as it was in the case of point-like nucleus), may result in anomalies in the measured ICCs. The

penetration effect for magnetic transitions is often described by the penetration parameter λ=Me/Uγ .

The study of penetration effect from the measurement of ICCs provides an opportunity to test nuclear

structure models by comparing the calculated λ with experiment. The measurement of λ could also be

used to deduce the renormalization of gs factor that is associated with the spin-force constant. 125I is one

of the commonly-used medical isotopes. To carry out low-energy electron measurements is part of our

program to improve the knowledge of atomic radiations, including Auger electrons, for medical isotopes

[2]. Here we report on our results from the conversion electron measurements. The measurements are

essential to determine an accurate absolute yield of Auger electron emission from a radioisotope by the

simultaneous measurement of conversion and Auger electrons.

In this talk we will present our high-resolution measurement of the conversion electrons from the decay

of the 35.5 keV excited state of 125Te using an electrostatic spectrometer at the ANU. The 35.5 keV

transition is known to be a mixed M1+E2 transition, dominantly the M1 multipolarity. The penetration

parameter λ=−1.2(6) and mixing ratio |δ(E2/M1)|=0.015(2) were deduced by fitting to the available

literature and the present conversion electron data. To interpret our results, we have calculated λ in

the framework of particle-vibrational model. The calculated λ is not consistent with the experiment in

terms of both sign and magnitude. The disagreement in magnitude stems from the underestimation of the

calculated Uγ . By adopting Uγ from the experimental reduced B(M1) transition rate to the calculations, a

reasonable agreement is found between the theoretical and experimental |λ|. In order to predict the sign,

we compared the sign of mixing ratio δ(E2/M1) from the angular distribution and correlation results in

literature with the calculated sign of the E2 matrix element. This semi-empirical analysis suggests λ is

negative, which is in accord with our experimental results [3].

[1] E. Church and J. Weneser, Annual review of nuclear science 10, 193 (1960).

[2] M. Alotiby et al., Quantitative electron spectroscopy of 125I over an extended energy range. J. Elec.

Spec. Relat. Phenom. (2019)

[3] B. Tee et al., Phys. Rev. C. In preparation.
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Shell evolution and isomers below 132Sn: Spectroscopy of neutron-rich 46Pd
and 47Ag isotopes 

H. Watanabe1 
1School of Physics, Beihang University, Beijing, China 

The shell structures of atomic nuclei are nowadays known to change with the variation of the 
proton or neutron number, due predominantly to the monopole part of the proton-neutron 
interaction that includes the central and tensor forces [1]. Such a shell evolutionary behavior 
is expected to become pronounced when the proton-neutron imbalance is very large, leading 
to lost or new magic numbers [2]: For example, the conventional magic numbers N = 8, 20, 
and 28 disappear and the new magicity emerges at N = 16, 32, and 34, depending on the 
location of the nucleus in the N-Z plane. However, we don’t know yet whether similar change 
of the shell structure can take place at the heavier conventional magic numbers N = 50, 82, 
and 126, which also play an important role in determining the solar abundance distribution 
particularly around the three prominent peaks at A ≈ 80, 130, and 195, respectively, that 
would result from the rapid neutron-capture (r) process. 

The neutron-rich isotopes of Pd (Z = 46) and Ag (Z = 47) have attracted considerable interest 
in terms of the evolution of the N = 82 shell closure and its influence on the r-process 
nucleosynthesis. Such previously unreachable exotic nuclides have become accessible by 
means of in-flight fission of a high-intensity 238U beam available at a new-generation RI-
beam facility, the RI-Beam Factory (RIBF) in RIKEN Nishina Center [3]. In this presentation, 
recent spectroscopic results of Pd and Ag isotopes obtained as part of the EURICA 
(EUROBALL-RIKEN Cluster Array) project at RIBF [4] will be presented, with a particular 
focus on characteristic isomers, such as a seniority isomer in 128Pd82 [5], long-lived high-spin
isomers in 126Pd80 [6] and 127Ag80, isomers with proton-hole and neutron-hole excitations in
125,127Pd79,81 [7], and low-lying β-emitting isomers in 123,125Ag76,78 [8]. The nature of these
isomers will be discussed in terms of the effect of proton-neutron interactions and the 
resultant shell evolution below the doubly magic nucleus 132Sn in the framework of shell-
model approaches. 

[1] T. Otsuka, Y. Tsunoda, J. Phys. G, Nucl. Part. Phys., 43, 024009 (2016). 

[2] O. Sorlin, M.-G. Porquet, Prog. Part. Nucl. Phys., 61, 602 (2008). 

[3] Y. Yano et al., Nucl. Instrum. Methods Phys. Res. B 261 (2007) 1009. 

[4] S. Nishimura, Prog. Theor. Exp. Phys. 2012, 03C006 (2012). 

[5] H. Watanabe, et al., Phys. Rev. Lett. 111, 152501 (2013). 

[6] H. Watanabe, et al., Phys. Rev. Lett. 113, 042502 (2014). 

[7] H. Watanabe, et al., Phys. Lett B. 792, 263 (2019). 

[8] Z.Q. Chen, et al., Phys. Rev. Lett. in press. 
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Curious case of 26Al accelerator mass spectrometry

K.M. Wilcken,1 and D.H. Rood2

1Australian Nuclear Science and Technology Organisation (ANSTO),

Lucas Heights, New South Wales, Australia
2Department of Earth Science and Engineering, Imperial College London, London, UK

Accelerator mass spectrometry measurement of 26Al suffers from low negative ionisation yield

that often becomes the limiting factor. To counter the low Al− yield it has been recognised that

AlO− produces negative ions much more efficiently and is a potential avenue to improve the

measurement precision. When using AlO− for the measurement there is an additional challenge

to separate the interfering isobar 26Mg and 26Al, but this can be achieved effectively with gas-

filled magnet.

However, this seemingly neat solution of using AlO− instead Al− for the measurement does

not necessarily yield as clear cut improvements in precision as one would hope. To illustrate this

point, data from conventional measurement method at ANSTO is presented and benchmarked

against published data using AlO− method.
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Universal, exclusive role of seniority and shape coexistence at closed shells 

J.L. Wood1 
1 School of Physics, Georgia Institute of Technology, Atlanta, USA 

A leading issue in the study of the nuclear many-body problem is establishing concise, 
unified schemes of organization for excited states. 

The structure of closed-shell nuclei has passed through a number of stages of 
evolution.  

The first principle of organization was due to Maria Goeppert Mayer who recognized
[1] that an even number of nucleons couple to angular momentum zero. This feature 
became formalized with the introduction of a short-ranged pairing force with both 
diagonal and off-diagonal matrix elements, resulting in Cooper pairs [2]. This led to 
the quasispin scheme [3], which incorporated the seniority quantum number. This has 
reached its epitome in the manifestation of high-j seniority structures and the 
description of B(E2) values expressed in closed algebraic form based on the quasispin-
tensor structure of the E2 operator [4]. 

Following behind this development of a quasispin (seniority) scheme for organizing 
high-j dominated structures in singly closed shell nuclei, shape coexistence emerged as 
an important scheme for further organizing the structure of closed shell nuclei, 
especially in mid-open shell regions. This has been covered in a number of focused 
reviews [5]. It identifies the strongly collective structures in closed shell nuclei as 
resulting from deformation. It has isolated collectivity in the spherical structures as 
weak and limited to one-phonon strength for L = 2 and 3, and non-collective structures 
to (multi-j) broken-pair and one-particle-one-hole states. 

A leading question that remains: “Is this organizational scheme complete?” Some 
recent results in closed shell nuclei will be placed into a unified scheme that suggests 
this question can be answered in the affirmative. In particular, the application of the 
seniority scheme to closed-shell nuclei dominated by medium-j and low-j orbital 
filling will be presented.  

There appears to be a universal scheme of organization now in hand, in terms of just 
the above-defined concepts. Leading questions and experimental tests will be 
identified. 

[1] Maria Goeppert Mayer, Phys. Rev. 78, 16, 22 (1950).  
[2] A. Bohr, B.R. Mottelson, and D. Pines, Phys. Rev. 110, 936 (1950).  
[3] A. Kerman, Ann. Phys. 12, 300 (1960).  
[4] R.D. Lawson, Z. Phys. A 303, 51 (1981).  
[5] K. Heyde et al., Phys. Repts. 102, 291 (1983); J.L. Wood et al., ibid. 215, 101 (1992); Kris 
Heyde and John L. Wood, Rev. Mod. Phys. 83, 1467 (2011).    
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Relevance of the Nuclear Structure of the Stable Ge Isotopes to the

Neutrinoless Double-Beta Decay of 76Ge

S.W. Yates,1 S. Mukhopadhyay,1 B.P. Crider,1,2 E.E. Peters,1 and A.P.D. Ramirez1

1Departments of Chemistry and Physics & Astronomy, University of Kentucky, Lexington, KY

40506-0055 USA
2Department of Physics & Astronomy, Mississippi State University, Mississippi State, MS

39762 USA

Neutrinoless double-β decay (0νββ),  the emission of two β– particles without the emission of

accompanying electron antineutrinos, has not been observed but is being sought in several

large-scale experiments.  0νββ, a lepton-number-violating nuclear process, will occur only if the

neutrinos  have mass  and are Majorana particles,  i.e., they are their  own antiparticles.   The

observation of 0νββ provides perhaps the best method for obtaining the mass of the neutrino, and

it is the only practical way to establish if neutrinos are Majorana particles [1].  

The rate of 0νββ is approximately the product of (a)  the known phase-space factor for the

emission of the two electrons, (b) the effective Majorana mass of the electron neutrino, and

(c) a nuclear matrix element (NME) squared. The NMEs cannot be determined experimentally

and, therefore, must be calculated from nuclear structure models.  A focus of many of our recent

measurements  has  been  on  providing  detailed  nuclear  structure  data  to  guide  these  model

calculations. 

At the University of Kentucky Accelerator  Laboratory (UKAL), we have performed γ-ray

spectroscopic studies following inelastic neutron scattering from  76Ge [2], which is widely

regarded as one of the best candidates for the observation of 0νββ, and 76Se, its double-β decay

daughter [3]. While  76Ge can be well understood from shell model calculations,76Se cannot.

Moreover, the ground-state deformations of these nuclei appear to differ significantly.  To

better characterize this transitional region of triaxiality, studies of the lighter stable Ge nuclei

have been initiated.  In the case of 74Ge, a great deal of information is now available, and shell

model calculations explain the low-lying, low-spin structure very well [4].  

The experiments, from which a variety of spectroscopic quantities were extracted, employed

isotopically  enriched scattering  samples;  the  methods  have been described previously [5].

From these measurements, low-lying excited states in these nuclei were characterized, new

excited  states  and  their  decays  were  identified,  level  lifetimes  were  measured  with  the

Doppler-shift  attenuation  method,  multipole  mixing ratios  were established,  and transition

probabilities were determined.  

This material is based upon work supported by the U.S. National Science Foundation under

grant no. PHY-1606890. 

[1] F.T. Avignone, S.R. Elliott, and J. Engel, Rev. Mod. Phys. 80, 481 (2008).

[2] S. Mukhopadhyay, et al., Phys. Rev. C 95, 014327 (2017).

[3] S. Mukhopadhyay, et al., Phys. Rev. C 99, 014313 (2019).

[4] E.E. Peters, et al., to be published

[5] P.E. Garrett, N. Warr, and S.W. Yates, J. Res. Natl. Inst. Stand. Technol. 105, 141 (2000).
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FREE CALL

1800 023 467 www.scitek.com.au
Unit 1,12 Chaplin Drive 
Lane Cove NSW 2066 
contact@scitek.com.au

UHV TURBO PUMPS

HiPace H Series
• Best-in class light gas compression ratio - often by factor 100
• Improved ultimate vacuum < 1 x 10e-10 mbar 
• Fastest pump down times 
• Market leading backing pump pressure > 20 mbar
• Achieve UHV with clean diaphragm backing pumps
• Lowest system running cost when used with diaphragm pumps
• Demand driven backing pump operation to save up to 90% power

 ADVANCED LEAK DETECTORS

ASM 340
• Class leading backing pump capacity
• Dry, wet and without backing pump
• 2.5 l/s He pumping speed for quick signal recovery
• Customisable and detachable touchscreen user interface
• Integrated Micro-SD for data recording
• Integrated Bluetooth communication for remote control
• Huge range of options including remotes, sniffers and more

HIAS 2019 SPECIAL PRICE!
• Buy before October 31, 2019
• Free wireless remote valued at $3,200
• Detector savings over $10,000
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