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What are the hmits for existence of -
clei”  Where are the proton and neu-
&

tron drip lines situated?”  Where does
Mendelevew's table end?

How does the nuclear force depend on
varving proton-to-neutron ratios’

How to explain collective  phenomena
from individual motion?

How are complex nueler bult from ther

hasic constituents”
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How were the elements from
Iron to uranium made ?
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112 Effe) [l cataclysmic binaries

stellar evolution

reesas— NUcClear Astrophysics — swemovas

S Origin and fate of the elements in our universe

Origin of radiation and energy In our universe
Physics under extreme conditions
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number fraction
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Hydrogen mass fraction X=0.71
Helium mass fraction Y =0.28
Metallicity (mass fraction of everything else) Z =0.019
Heavy Elements (beyond Nickel) mass fraction 4E-6
a-nuclel

12(: 160,20Ne, 24Mg, .... “°Ca

[/ / 7/

general trend; less heavy elements

/// | | | | | | | | | | | | | | |
r-process peaks (nuclear shell closures)

s-process peaks (nuclear shell closures)

Ml T

Fe peak U, Th
(width 1)
| | | | | |Fe| | | | | | | | | | | | |Au| P, | |||||
0 50 100 150 200 250
mass number, 6

22 2009



S Process

Pb (82

p process

Sn (50)

rp process

Supernovae

Cosmic Rays

B Mass known

[] Half-life known
[ ] nothing known

r process




CNO cycle

CN cycle (99.9%)

Ne(10)
O Extension 2 |:(9) T\

O(8) f\“
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neutron number

All initial abundances within a cycle serve as catalysts and accumulate at largest t

Extended cycles introduce outside material into CN cycle (Oxygen, ...)
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"On closed shells in nuclePhys. Rev74: 235 (1948)

"On closed shells in nuclei IPhys. Rev75: 1969 (1949).
"Nuclear configurations in the spin-orbit coupling model.
|. Empirical evidence,Phys. Rev78: 16 (1950).

Il. Theoretical considerationg”hys. Rev78: 22 (1950).

Enrico Fermi
remark on Maria Gepert-Mayer’s talk on isotope
aboundances, Chicago, 1948
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building blocks of nuclear matter
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Tuesday July 23, 2002

Japanese supercomputer beats top U.S. machine

Scalable from 32 GFLOPS to 7.3 TFLOPS

Hitachi SR8000
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Aug. 25, 2006

ORNL Jaguar supercomputer surpasses 50 teraflops

o ( ,
!
Apropo, ! &
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DOE’s Oak Ridge Supercomputer Now World’s Fastestf  or Open Science
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from: NUPECC 2004 Long Range Plan
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The LI chain

Why is 1lLi so big?
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COLLAPS: Collinear laser spectroscopy

Optical pumping

G. Neyens et al, PRL (2005)
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halo nuclei

The caseld]

Li Hj

Dscan = nRF - nL,fix (kHZ)

R~ A3 29277

Quadrupole Splitting
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The HIE-ISOLDE linear accelerator

The HIE (High Intensity and Energy)-ISOLDE projaetces
new developments in radioisotopes selections, aprents
In charge breeding and target-ion source develdpasewell
as construction of the new injector for the PSt8gddNACA4.
For extending the physical reach of the fachigyntost
significant component is the SC linear accelenatioa
minimum energy of 10 MeV/u (HIE-LINAC) whidpladir
most of the existing REX structure. It will bedbase
iIndependently phased Quarter Wave Resonators (.Q\Q/st
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REX - ISOLDE

he state-of-the-art instrum
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Experimental setup for
Coulex @ Isolde

Beam dumy
detector

WA~ 7
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“Non-standard” Coulomb excitation

ppglen Py

PP3AN g
A
‘@
%

A

(3) | 778 0.7 ns <T,,<4 ns
6

7??Qf:3.75 min
b_

84 T,,=7.84ns
+ 0. T,,=31.1s

N

2 [

6 GJ:A\b
\ b

ch&)

22

(5) . 906

- } 242 T, =6.6 S
\]L/Z

(4) 228
|

3 101

- 0

T,~=33S
1—455s

-70(:lj4j_ b

27

2009



Study of selected structures in the same nucleus
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|. Stefanescu et al., PRL 98, 122701(2007).
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G. Georgievl, M. Hass?, A. Herlert3, D.L. Balabanski4, L. Hemmingsen®, K. Johnston®, M. Lindroos3,
K. Riisager®, J. Van de Walle?, D. Voulot3, F. Wenander3, W.-D. Zeitz’
1. CSNSM, Orsay, France; 2. The Weizmann Institute, Rehovot, Israel; 3. ISOLDE, CERN, Geneva, Switzerland ;

4. INRNE, BAS, Sofia, Bulgaria ; 5. IGM, LIFE, University of Copenhagen, Denmark ; 6. Department of Physics and
Astronomy, University of Aarhus, Denmark ; 7. Helmholtz-Zentrum Berlin fur Materialien und Energie GmbH, Germany
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The present generation of laboratories and instwusrterkeal the
European lead in nuclear structure physics oatiweaideena

NUuPECC Roadmap for Nuclear Science in Europe

NuPECC recommends as the highest priority for a new construction
project the building of the international “Facility for Antiproton and
lon Research (FAIR)” at the GSI, Darmstadt.

After FAIR, NUPECC recommends the highest priority for the
construction of EURISOL.

NuPECC gives full support for the construction of AGATA
and recommends that the R&D phase be pursued withv  igour.

Because of the time-line of EURISOL NUPECC strongly = recommends
the building of intermediate-generation RIB facilit ies of the ISOL
type. Of these SPIRALZ meets the criteria of a European large
research infrastructure in terms of scientific pote ntial and size of
investment and will deliver RIBs in 2009.
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RIB Facilities : A Worldwide Effort
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Michigan State University (MSU) was selectign ndes
establish FRIB based on the evaluation agkiest fReview
criteria of the application submitted and oriarbtained fron
the applicant’s response to questions of tRewmsmntPanel,
oral presentations and site visits. Both adpligeadsiressed
all aspects of the rated criteria, and demoasteayegiood
understanding of the major issues. Howeverppifsal®a
provided the strongest proposed budget thasavebleand
realistic.
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Proposed configuration of FRIB at MSU
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FRIB experimental areas
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HISPEC/DESPEC

NUSTAR: SuperFRS and experiments on three branches
> 800 collaborators

350m |

~1GeV/u

=g

N low-energy cave
. 0-200 MeV/u
ring.-branch 41
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NUSTAR - The Project

DESPEC ¢, b-, a-, p-, n-decay spectroscopy

ELISE elastic, inelastic, and quasi-free
e-A scattering

EXL light-ion scattering reactions in
iInvere kinematics

HISPEC in-beam g spectroscopy at low and
intermediate energy

ILIMA masses and lifetimes of nuclei in
ground and isomeric states

LASPEC Laser spectroscopy

MATS In-trap mass measurements and
decay studies

R3B kinematically complete reactions
at high beam energy

Super FRS RIB production, identification and
spectroscopy

Ll 4V Vv

The Collaboration
> 800 scientists
146 institutes

38 countries

The Investment
82 M€ Super FRS
73 M€ Experiments
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HISPEC/DESPEC at the low energy branch of the Super FR-

HISPEC

——  —— DESPEC

Modular detector system



future of gray spectroscopy

The AGATA spectrometer
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Summary
List few items
Agata very powerful instrument for nuclear spectroscopy
Exciting science programme subject of this meeting
Aim to propose and start realisation of the full AGATA from 2008


revolution in gray detectors

What is AGATA

gray tracking is a novel
concept in nuclear spectroscopy
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SPIRAL 2

FAIR

INSTRUMENTATION

LEGNARO

Jyvaskyla
AGATA
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The SPIRAL 2 pro
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The EURISOL Concept

(based on 5% framework RTD)

22 2009

53



EURISOL: The Main Challenges

Design a 5SMW,; 1GeV proton driver with additional capability of 200

AMeV deuterons and A/Q=2 Heavy lons; build and test prototypes
of the cavities.

Design a liquid Hg converter which will accept 5 MW of beam
power.

Design a UCx target which will make the most efficient use of the
neutrons produced.

Evaluate the safety constraints of the above set up.
Design an efficient multi-user beam distribution system.

Design a superconducting HI LINAC capable of accelerating 132Sn
up to 150 AMeV

Investigate technologies for the instrumentation of the future
Provide a conceptual study for a beta-beam neutrino facility.
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EURISOL layout
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Beta-Beams
a collaboration between Nuclear and
Particle communities

°He, ®Ne

, 60
22 2009 From: Mats Lindroos, CERN



Europe produces consideral
part of the nuclear structure
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