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LRP addressed six topics:

1. Quantum Chromo-Dynamics

2. Phases of Nuclear Matter

3. Nuclear Structure

4. Nuclel in the Universe

5. Fundamental Interactions

6. Applications of Nuclear Science

NUPECC = Recommendations and priorities
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Quantum Chromo-Dynamics

1. Hadron spectroscopy: glue balls; hybrid states; charm

guark states;
— PANDA at FAIR/GSI

2. Quark dynamics: gluon polarization; quark orbital
angular momentum; nucleon transverse-spin
distribution; = GPD
— HERMES at DESY, COMPASS at CERN

3. Low-mass baryon spectrum, ypt, hyper-nuclei
— MAMI-C at Mainz and DA®NE at Frascati
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Phases of Nuclear Matter

1. Very high densities and rather low temperatures
— Colour super-conductors (neutron stars;
compressed nuclear matter in H.l. Collisions at
several 10’s GeV/u at FAIR/GSI)

2. Very high temperatures (QGP; ALICE@CERN)

3. Liquid-gas phase transition (H.l. Collisions at Fermi
energies at several 10’s MeV/u; 20-50 MeV/u)
Equation of state (EOS) of (asymmetric) nuclear matter
— Radioactive lon Beams (RIBS)
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Nuclear Structure

. Origin of nuclear binding (2- & 3-body forces)

. Limits of nuclear stability (pairing, 2p radioactivity

. New magic numbers for large N/Z (double-magic "8Ni)
. Exotic shapes (halos, triaxial and superdeformed

shapes, clustering, molecular shape) & Symmetries;
[dynamical SU(3),SU(5),0(6); Critical point E(5),X(5)]

. Seach for super-heavy elements

6. Shape oscillations, collective excitations

\I

. Glant resonances in (hot & cold) n-rich nuclel

asymmetry term EOS, n-skin thickness—n-star radius

— Radioactive lon Beams (RIBS)
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— Large-scale shell model calculation
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Bulk properties of asymmetric (N/Z) nuclear
matter:

e nuclear compressibility (isoscalar monopole)
e Symmetry energy (isovector eXC|tat|ons)

e neutron skin (spin dipole) """""""""""""""" o
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Nuclel In the Universe

1. Understanding processes in stars, e.g. leading to
novae, X-ray bursters, supernovae, y-ray bursts

2. Formation of elements in the universe (abundances)
rapid neutron capture (r-process in type Il supernova)
rapid proton capture (rp-process in novae and X-ray
bursters)

. The p-process in type la supernova

. L-processes & propagation in supernova explosions
GT & first-forbidden and M1 & spin-dipole transitions

W

— Radioactive lon Beams (RIBS)



3K

15 billion years -
1 billion years 420K
300.000 years L +
Y po o g § 300K
g ® ®
= ®eo o % 3
3 minutes L g 1100 k
s‘.-' - ®
s w
\
1/1000 of a second | v e 11002 k
o %
9
Ik
\J




NP C(C

fission drip-lines?

stable nuclei
&, f*-decay
p~-decay
a-decay

p-decay
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Fundamental Interactions & Symmetries

. Super-allowed B-transitions (CKM guark-mixing matrix)
. Properties of v’s (oscillations, mass, Dirac-Majorana 2p)
. New TRI Scalar, Pseudoscalar and Tensor interactions

. Time-reversal & CP violation (EDM, B-v correlations)

Matter-Anti-matter

. Rare and forbidden decays (lepton and baryon number

and lepton flavour violation)

. Parity non-conservation in atoms (e.g. Cs, Fr, Ra)
. Physics beyond the Standard Model

— Radioactive lon Beams (RIBS)
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Applications of Nuclear Physics

1. Life Sciences and Medical applications (imaging
techniques [PET, scans], hadron therapy)

. Art-history, archaeology

. Environmental sciences and industrial applications
AMS, IBA (PIXE, PIGE)

. Civil security (detection of explosives and mines)

. Use of radioisotop in industry, other fields (Solid-state
Physics, Atomic Physics)

W N

o1 &

— Radioactive lon Beams (RIBS)
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European Network of Complementary Facilities

GSI
GANIL
LNL
ISOLDE
LNS

KVI
COSY
JYFL
CRC
MAX-Lab
MAMI
ECT*
TSL
HERMES
ALICE
COMPASS

NuPECC recommends the full exploitation of the existing and competititve
lepton, proton, stable-isotope and radioactive-ion beam facilities and instrumentation
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NuPECC strongly recommends the timely completion of the ALICE
detector to allow early and full exploitation at the start of LHC

Figure 3.18: Schematic view of the ALICE detector.
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NUPECC recommends that efforts should be undertaken to
strengthen local theory groups in order to guarantee the theory
development needed to address the challenging basic issues that
exist or may arise from new experimantal observations

NuPECC recommends that efforts to increase literacy in nuclear science
among the general public should be intensified
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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 Laboratory in Darmstadt

SI5100/515300

» 1018/ 1.5 Geyu 23828

# Factor 100-1000 aver presant in intensity
» 2(4)101 35 30 GeV protons

« 10195 23873 yp 1o 26 (- 35) Gevu

+ Broad range of radioactive beams up o
1.5 - 2 GaWiu; up toa Tactor 10000 in
intensity ver presant

= Antiprotans 3 - 30 Gav

» Radioactive baams

= & — A collider

« 101" stored and cooled antipratans
(0.8 - 14 5 Gav)

# Conled beams
+ Rapidly cycling superconducting magnets

Figure 3.1: Layout of the existing G5I facility (blue) with the UNILAC accelerator, the heavy-ion synehrotron
51515, the fragment separator FRS and the experimental storage ring ESR; and the planned new facilities
(red): the Super-conducting Synchrotrons SIS100/300, the accumulator ring RESR and Collector Ring, CR,
the New Experimental Storage Ring NESR, the Super Fragment Separator Super-FRS, the Proton Linac and
the High-Energy Storage Ring HESR. Also shown are the target areas for plasma physics, nucleus-miclens
collisions, radioactive lon beams, and atomic physics experiments.
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After GSI, NUPECC recommends the highest priority for the
construction of EURISOL

T T T T
T TR A A
Low-anergy areas
10 (=100 A keV)
Cad |
a 1
12 * .
Schematic layout of the EURISOL FACILITY 13 Y
Asfrophysics
14 experimental area
(<4.3 A MaV)
1, Driver linear accelerator 10, Charge-salector
2, 3 x100-kW solid targets 11, Supercenducting RFQs 15
3 1 to =MW Hoe-jet target 12, Superconducting linac =
. I . i
4 on sources 13, Stripper 186 1\_3
5. Pre-separators 14, Charge-state selector Medium=energy
6. B itchvard 15, S ducting [i 17 axperimental area
eam switchyar upercenducting linac (<22 A MeV)
7. RFQcooler 16, Strippear
8. High-esolution mass saparator 17,  Charge-state salector
9. Charge-breader 18,  Superconducting linac 18 ,
High=enargy

experimental area
(100 A MeV up to Sn=132)

Fig. 4.1: Diagram showing a possible Izyout of the EURISOL, facifity. Detailr of the

switchyard and other beamiines are represented very sohematically.

NuPECC recommends joining efforts with other interested communities
to do the RTD and design work necessary to realise the high-power
p/d driver in the near future
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The Road to EURISOL

CIME Cyclotron
RNB (fission-fragments)
E <6-7 MeViu

QWSC - LINAC
E= 14.5A MeV
HI A/Q=3
E=40MeV -H

RFQ - 0.7SA MeV

Figure 3.5: Layout of SPIRALZ
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NuPECC recommends with high priority the installation at the underground
laboratory of Gran Sasso of a compact, high-current
5-MV accelerator for light ions equipped with a 4n-array of Ge-detectors

NuPECC encourages the community to pursue this research
(i.e. at a high-luminosity multi-GeV lepton scattering facility)
within an international perspective, incorporating it in
existing or planned large-scale facilities worldwide

S |

Figure 1.1: The evolution of the our understanding
of the structure of the nucleon. In the naive model of
the 80-es (left picture), the nucleon was assumed to
consist of two up-quarks and one down-quarks only.
At present the nucleon is known to have a rich vac-
uuim structure as well, containing a large number of
virtual quark-antiquark pairs and gluons.
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NuPECC gives full support for the construction of AGATA and
recommends that the R&D phase be pursued with vigour

AGATA

- Advanced GAmma-ray Tracking Array -

Spectroscopy of heavy and superheavy nuclei
Nuclel very far from stability
Exotic shapes of nuclei
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FacilityCharacteristics

*101%/s; 1.5 — 2 GeV/u; 23828+

sFactor 100-1000 over present in intensity
*4x1013/s 30 GeV protons

«1019/s 23873+ yp to 25 (- 35) GeV/u

SIS 100/300

. M
N -
-

*Broad range of radioactive beams up to
1.5 - 2 GeV/u; up to factor 10 000 in
intensity over present

sAntiprotons 3(0) - 30 GeV

Radioactive beams

e — A collider
«Cooled bFee:r%%reS »1011 stored and cooled 3(0) - 15

*Rapidly cycling superconducting magnets GeV antiprotons
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CONCEPT FOR STAGED CONSTRUCTION OF FAIR

Concept for staged Construction of the International Facility for Beams of lons and Antiprotons

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
i .
General Planning S1S18 Upgrade
70 MW Connection 2,7x10™ /s 23828+ (200 MeV/u)
I Proton-Linac 5x10'2 protons perpuls
TOMF | CivilConstructiont

S15100/300 Tunnel, SIS Injection+Extraction*Transfer

SIS100

Transfer Line SIS18-SI1S100
High Energy Beam Lines

fr—

I1

Transfer Buildihgs!Line Super-FRS,
Auxiliary Bldgs|, Transfer Tunnel to SIS18,
Building APT, Super-FRS, CR:Complex
RIB High+Low Energy Branch,

RIB Prod.-Target, Super-FRS
RIB High+Low Energy Branch
Antiproton Prod.-Target
CR-Complex

HESR & 4 MV e-

111

NESR

IV

1x101/s 23828+ (0.4-2.7GeV/u)
->RIB (50% duty cycle)
2.5x10" p (1-30 GeV)
3-30 GeV pbar->fixed target -
10.7 GeV/u 238U -> HADES*

| dBM-Cave, Pbdr-Cave, Reinjection SIS100

—Cooling

5

HESR ( ground level),
NESR, AP-cave,
e-A Collider, PP-cave

8 MV e- —Cooling
e-A Collider

\Y

*Construction
Tunnel Drilling Machine

‘ _ ‘ Production and Installation ‘ ‘ Experiment Potential

SIS300*"

*S1S300 installation during SIS100 shut down
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Schematic layout of the EURISOL FACILITY
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Fig. 4.1: Diagram showing a posrible Iayont of the EURISOL faclity. Detarlr of the

swwitehyard and other beanlines are represented very schematically.
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100
Sn
EURISOL: 0.2/s

SIS 200: 0.2/s

48 .
Ni
EURISOL: ??
SIS 200: 65/h

neutron-rich  fission
proton-rich  spallation

132
Sn
EURISOL: 2x10' /s

SIS 200: 1x10°/s

56 __
Ni y
EURISOL: 1x10 /s
SIS 200: 1x107/s

78 .
Ni
EURISOL: 20/s
SIS 200: 8/s
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Instrumentation and facilities

EUE SOL

European Separator On-Line
Radioactive Nuclear Beam Facility
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Oak-Ridge, MSU, Triumf and RIA_.___ 4  RIKEN (Japan)
(North-America) ¢ | Radioactive Beam Factory
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Possible related projects
Neutron Spallation Source (ESS)

Transmutation of Nuclear Waste (ADS)
v and pn factories, K physics
Antiproton beams (?)

B beams
Synergies with ‘related’ field

Solid-state and Atomic Physics, etc.

Medical Applications
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Table 8.10: Total capital costs for EURISOL

Capital items

| Post-accelerator & mass—siarator |

SUB-TOTAL:

Cost (M€)

120.0

58.8

60.4

85.2

324.4

+ 20% contingency factor

64.9

SUB-TOTAL:

389.3

Buildings

224.1

GRAND TOTAL:

613 ME
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ISOL roadmap

2005 2009 2012 2015

SPIRAL II / SPES m
neutron-rich LINAG phase 2 E

m
MAFF = 9
: o

Q

Lo

a3

3
HIE-ISOLDE 8 m
— -
G
AL CERN 4 MW target | | O

proton rich
B-beam
RTD and initial design 2002 — 2007

detailed design, construction 2008 — 2011
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HIE-ISOLDE

Nuclear Astrophysics
Condensed Matter Physics

ISOLDE

RFQ | o beam

cooler 60 ke\f
HY platform
20-500 K¥Y

Re-
ECR buncher
Separator &) .
— /) A)- RFQ
1150 stnucture
EBIS 5 keViu 300 keViu
Aig<d.5 ‘T‘
H% platfarm
60 kY
F 3

HY platform
B0 kY
v 1P Fundamental

T .

i Interactions

REX linac
B B =) m —f—
0.8- 10 MeViu
Nuclear Physics



