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What are the limits of the heaviest elements?
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lifetimes > 1y

What are the limits of stability?

~% How the elements are made in the Universe?




After the NUPECC town-meeting (GSI1-2004)

Letter to NUPECC:

..... We have been discussing such a project in many of the European countries

and we are now in the process of forming a working group at the European

level for finalizing the physics case and launching the design study related

to this project. We believe that NUPECC should play an important role by
endorsing the promotion and coordination of the project. While the European

Long Range Plan document related to nuclear structure includes in some of its
sections the need for a high intensity stable beam facility for the nuclear

structure study, the recommendations elaborated during the last town-meeting

did not mention this need at all. In order to preserve the vitality of the nuclear
structure field and the nuclear physics community, we suggest the recommendations
to be completed by including “direct support for new actions towards a European
high-intensity stable beam facility”, besides the presently expressed “strong
support to maintain and develop the current stable beam facilities in Europe”




ECOS: European COnsortium for Stable (ion beams)
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Task: Produce a document to NUPECC with:

--The Science with high intensity stable ion beams,
Beam intensity limitations and technical developments
for various types of research lines!

--Status and future developments of existing facilities
--Recommendations



--The Science with high intensity stable ion beams, Beam intensity limitations and
technical developments for various types of research lines!

N=Z nuclei (in—-beam spectroscopy and decay studies) : G. DeAngelis

SHE search : S. Hofmann

Super heavy nuclei (in-beam spectroscopy and decay studies) : R. D. Herzberg
Neutron-deficient nuclei (in-beam spectroscopy and decay studies) : R. Julin
Exotic shapes and decay modes in nuclei : F. Azaiez

Neutron rich nuclei using DIC reactions : F. Azaiez & G. DeAngelis

Nuclear astrophysics: S.V. Harissopulos
HIGH INTENSITY

.- . gy STABLE ION BEAMS
--Status and future developments of existing facilities e

LEGNARO : A. Porcellato

GANIL : M. H. Moscatello/M. Lewitovicz
GSI : S. Hofmann&U. Ratzinger
JYVASKYLA : R. Julin

KVI : S. Brandenburg

CATANIA: S. Gammino

--Conclusions and Recommendations

ECOS; European COllaboration on Stable ion beams

wPECC

- NUPECC Is an Expart Committes of the European Sclence Foundation




Some of the key questions in the Nuclear structure field are and will
remain for the coming 10 years well addressed using the state of the art

detection systems and higher intensity stable beams!




SHE: Where the isle of stability is located?

what are the corresponding shell effects ?
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Well identified research program:
-Systematic search of SHE
-Study of the “stabilizing’ shell structure
-Study of complete fusion - fission processes
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CHART OF THE NUCLIDES
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Mendeleev Periodic Table of the Elements
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Recent highlights of ion source R&D (2011)

e Metal ion beam production — first isotopic MIVOC *°Ti beam
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1 A domain rich of new exotic phenomena to be discovered
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Decay- and in-beam spectroscopy of heavy nuclei at the proton dripline
Triple-shape coexistence
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Three low-lying 0* states in 18Pb observed in the alpha decay of **°Po
A. Andreyev et al. Nature 405 (2000) 430



Nuclear astrophysics

Our knowledge on key reaction rates has reached a high-level of accuracy but still crucial
reactions relevant to the understanding of the structure and evolution of stars and

galaxies deserve additional or completely new experimental approaches with stable
beams.

An “ideal” stable beam facility for nuclear astrophysics should be able to provide
intense heavy-ion beams for indirect measurements, mostly based on
transfer reactions or

Coulomb break-up, or
capture reactions in inverse kinematics




The low energy nuclear structure community has well defined and promising
research programs for the future. Many of them are based on measurements to be
carried out using higher intensity stable beams.

The in-beam studies will benefit from the high segmentation of new detection
Systems and from digital electronics, in order to allow the increase of beam
intensity by one order to two orders of magnitude ( up to few 100pnA).

Other approaches using detection systems after a separator (focal plan)
require a stable beam facility with very high intensities ( up to 100puA)

In all the cases a dedicated detection system is needed to run experiments
with longer beam time.

Existing European facilities Legnaro, JYFL, GSI (unilac), Ganil (CSS1)
Projects of very high intensity injectors for SPES and SPIRAL2

A new project in Huelva




JYFL-Jyvaskyla

Beams - E >5 MeV /nucleon
Heavy and light ions available

>1ppA  p,He B,C, N, O,Ar

>100 pnA F, Ne, Mg, Al, Si, S, ClI, Ca, Fe, Cr, Ni,Cu,
Zn, Kr

>10 pnA Ti, Mn, Ge, Sr, Zr, Ru, Xe
ECR developments for intensity upgrade
A second cyclotron has been installed



JYFL Acclab: present status and future
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LEGNARO
Near future switching from a Tandem to a g+

Injector (PIAVE)
ALPI Output with the two Injectors MORE
RRENT
i —@— Tandem+ALPI (G-F) (1-10 pnA) cu
30 |
i —@— PIAVE+ALPI (40-200 pnA) HEAVIER
E) R\ : : MASSES
o 20 | : .
= i : :
< : ' :
W 10 |
O \ \ \ \ \
0 50 100 A 150 200 250




SPIRALZ2 Driver Beam Characteristics
QIA I Energy CW max beam
(mA) (Mev/u) Power (KW)
Protons 1/1 5 2 - 33 165
Deuterons 1/2 5 2 - 20 200
lons 1/3 2 -145 45
ol 16 | 1 2 -8 48
(option)
NES \ | Building progress
(May 2012)
>1/6 RFQ Linac
B B . 0
A I l | = lBlep|
IR R AP 1 1 e it RN O | T — Future extension :
= . | | ot EDSERERSE Bt At et
AL E — = T— | = T:-;_-j_-_--':h‘n-'_ﬂ__-alg B
N - |
>1/3 >1/2

Towards production

Towards DESIR




LINAC cryomodules, couplers and amplifiers

GANIL/Caen IPNO/Orsay
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Other projects In Europe : Dubna SHE

ACCELERATORS
Beam parameters HI-Physics SHE-Factory
U-400R DC-280
Projectiles Stable and Stable
RIB (T,,, >0.1s) only
Projectile masses 4He — 238U 40Ar — 86Kr
Energy range 0.5-27.0 MeV/n 5—-8 MeV/n
Energy resolution 0.5% 1.5%
Beam intensity (for 48Ca) 2.5 puA 10-20 ppA
SHE-research program <30% ~100%
Registered decay chains of SHN 120 (now 30) 3000 - 5000
(per year)
State of readiness 75% In course of
desion

From Yuri OganesSian, FUSHE 2012
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Upgraded U-400R
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Yuri Oganessian. “Synthesis of SH-nuclei” FUSHE 2012, May14, 2012, Weilrod, Germany




Overview/High duty factor upgrade
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® New RFQ: Duty cycle 25 -> 40% x1.6
® New MS-ECRIS: higher beam currents and
® LEBT for new MS-ECRIS at HLI x 5.0
® cw-linac
- 100% duty cycle x2.5
- independent operation x 2.0
x 40
ff"; HELMHOLTZ W. Barth, Heavy lon cw-linac as a future driver option for SHE Physics Experiments at GSI E 5 ][
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Design of a new super-conducting CW linac

S-UNILAC

material
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U. Ratzinger, W. Barth, L. Dahl et al., 2004



A new life for ECOS: NA within ENSAR

Task 1: Organize the collaboration and exchange of expertise in high selectivity and high
rejection power spectrometers.

Task 2: Organise the collaboration and exchange of expertise on the development of high power
target technology

Task 3: Bring together the groups with activities on super heavy elements using high intensity
ion beams for an exchange of ideas and techniques.

Task4: Promote and organize collaborative ventures between experimental researchers with special emphasize
on the organization of common design and infrastructure studies between facilities that are aiming for the use
of common detection systems (such as AGATA, PARIS, FAZIA etc...) at different stable ion beam

Task 5:oordination and Organization of the Network with the special duty of organising 3 annual workshops
and one town meeting where all the ECOS collaboration will meet to discuss results and ideas related to the 4
tasks mentioned above.




8 Beneficiary

IN2P3, GANIL (France)
GSI-Darmstadt (Germany)

INFN, LNS (Italy)

University of Jyvaskyla (Finland)

Varsaw, Krakow (Poland)

ECOS-NA

28 associate partners

NIPNE-Bucarest (Roumania)

IN2P3 (France)

Department of Physics, University of Liverpool (UK)
KVI -Groningen (Nederlands)

CEA-Saclay (France)

LMU Munich (Germany)

IRMM Geel, (Belgium)

University of Sofia (Bulgaria)

Paul Scherrer Institute (Switzerland)

Royal Institute of Technology - Stockholm (Sweden)
University of Surrey (UK)

University of Paisley (UK)

University of Mainz (Germany)

Comenius University, Bratislava (Slovakia)

Nigde University (Turkey)

NCSR Demokritos (Greece)
Atomki- Bebrecen (Hungary)

HIL UW warsaw (Poland)

SAFE -University of Oslo (Norway)
CEA-Bruyeres-le —Chatel (France)
TU Munich (Germany)
INRNE-BAS, Sofia (Bulgaria)
Lund University (Sweden)
University of Bern (Switzerland)
University of Manchester (UK)
University of York (UK)
STFC Daresbury (UK)
University of Aarhus (Denmark)
Istanbul University (Turkey)

NR-Dubna (Russia)
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