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Current low-energy RIB facilities
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Energetic Radioactive Beam Facilities in Europe

CRC, Louvain-la-Neuve, Belgf:ym §
delivering ISOL beams since 1989

GANIL, Caen, France o
delivering IF beams since 1984
_(SPIRAL) ISOL beams since
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ISOLDE at CERN

Proton Beam

ALICE S

East Area

— profons
antiprotons
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neutrings to Gran Sasso (1)

' 50 % PSB’s protons

S St P S i Two separators, push-pull mode operation
AD: Antiproton Decelerator !
ISOLDE: Isotope Separator OnLine DEvice

PSB: Proton Synchrotron Booster Several eXperi mental faCi I itieS
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Production reactions
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Accessibility of elements using resonant laser ion source I

V. Fedoseyev, ISAC-TRIUMF
LIS Workshop, 2000

B Elements studied with dye laser RIS
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ISOLDE scientific programme 2004

e Delivered 320 shifts

@ Biology and Medicine
B Weak Interaction and 204

Nuclear Physics
56%

O Particle and
Astrophysics
11%

O Atomic Physics
21%

B Solid State Physics
10%



‘New” 3 o 2 !2C rate vs. temperature
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REX ISOLDE post accelerator

REXEBIS l |
charge state breeding
QA =1/45

ISOLDE beam
=600 isotopes
Mass separator >70 elements
Q/A selection 60 keV, Q=1+

REXTRAP
accumulation, phase space
reduction, bunching

4-rod RFQ
300 keV/u

IH-structure
1.1-1.2 MeViu

" 7-gap resonators
0.9-2.2 MeViu

MINIBALL + aux. detectors
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http://www.ha.physik.uni-muenchen.de/okester/rex/rex.html
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REX-ISOLDE upgrade

26-gap IH-resonator 7-gap IH

—1 IH2 — —
1.55I !\/IeV/u 3.75 MeV/u
202.56 MHz
- ! Exchange existing 7-gap
Additional 9-gap with IH accelerating
accelerating structure structures
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Fragments produced from “*U

Nuclear projectile fragmentation

@ e—- ﬁ bﬂ Projectile

& "ﬁ fragment
Projectile Target

Scale for 238(J+208pp
® 100mb
10mb
. Imb
100ub
10ub
Tub

K.-H. Schmidt et al.

Projectile fission




Landmarks from FRS Experiments
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European NP Roadmap

2005 2009
SPIRAL IT / SPES some
neutron-rich
MAFF (high- intensity)
neutron-rich
HIE-ISOLDE proton rich
GSI-FAIR

I 2soyd 10STINI

2012

2015

Multi-MW driver o
; B
low energy intense RIB Q
precision measurements .;
Astro, "Fundamental”, =
Neutrino physics a
Solid- State physics !
Life-sciences
B-beam

high energy RIB
v short lived nuclei
impulse reactions
Atomic, Plasma physics

Hadron, EoS physics




ISOL in Europe: the next 5 years

ISOLDE

il

% heam

60 keV/ — Condensed Matter Physics

Re- .
hunl::her REX linac

. Separator )

Ny ARAgR)=%  RFQ *{ %stﬁmm— H H P

REX-ISOLDE

il S keVin 300 keVin 5 MeV/u
_ Nuclear Physics

H platform

80 k¥

| Fenimo Fundamental
Ty Interactions

Low energy RNB

> 1013 fiss /s

Production Cave
C converter+UCy target

SPIRAL II

CIME Cyclotron
RNB (fission-fragments)
E < 6-7 MeV/u

SC - LINAC
E=14.5AMeV “SILHI-deuteron™ SmA
el =i ECRIS-HI ImA
E=40MeV -<H

RFQ - 0.75A MeV




SPES @ Legnaro

Soucem | BNCT

Fig. 2.1 - Block diagram of the facility: RFQ means Radio frequency Quadrupole, BNCT Boron Neutvon
Capture Therapy, ISCL Independently phased Superconducting Cavity Lina and ALFI Acceleratore Linac
Per Ioni



MAFF in Munich
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Table 1: Yields of prominent isotopes at MAFF compared with accelerator based RIB facilities. The
primary beams are 10 pA of 1.15 GeV '“C for SPIRAL, 2.5 pA of 1 GeV protons (or 600 MeV
protons for the SC respectively) for ISOLDE and 100 uA of protons for the ISL.

Isotope || Prod. rate | Half-life | Release | loniz. | MAFF SPIRAL | ISOLDE ISL
(s (s) | (%) [ (%) | ) [ ) | 7Y (s
SZn || 2.3 107 1.47 36 10 | 8-107 2.10% | 1-10°SC | 6-10°
NKr || 3.3 1012 8.6 89 15 | 4.101 | 2.10" | 2107 4.1010
MKr || 1.1- 10" 0.2 16 15 | 3-10° 3.-107 | 4-10°8 6 - 107
Y"Rb 3- 100 0.17 10 80 | 2-10° 5-10% | 3-108 7-10°
1326 7- 1011 39.7 89 10 |6-109 ] 6-10% | 8-107SC| 1-10'°
142%e || 5.2-1011 1.24 7 25 [ 1-10 | 6-107 | 2-108 4100
Hixe | 9.3-10% 1.15 7 25 | 2.108% 1-10% | 5.10° 2.1p'0
M4cs || 4.3- 10 1.0 A7 80 | 2-10% | 2.10" | 3-10W 6 - 1010




Future RNB facilities

. . Fragment -
Location Driver Post-accelerator g Type of facility
separator
synchrotron,
GSI -FAIR heavy ions: - ‘Super-FRS’ In-Flight
1.5 A GeV
protons, 1 GeV, CW Linac, i
EURISOL 1-5 MW up to 100 A MeV ISOL
USA: RIA 900 MeV protons Linac a-dipole
Rare Isotope heavy ions: ISOL, In-Flight
Accelerator 400 A MeV, 100 kw up to 8-15 A MeV Separator
Ring-cyclotrons 3 fragment
JAPAN: RIKEN up to 400 A MeV (light i Separators In-Fliaht
RIB Factory ions); up to 150 A MeV storage & cooler g
(heavy ions) rings




International Accelerator For Ions and Antiprotons
FAIR (2007-2014)

[ Primary Beams ]

¢ 101%/s; 1.5-2 GeV/u; 238U%8*

 Factor 100-1000 over present in intensity
* 2(4)x10%3/s 30 GeV protons

* 1019/s 23873+ yp to 35 GeV/u

e up to 90 GeV protons
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bl

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

*Antiprotons 3 - 30 GeV

[ Storage and Cooler Rings}

Radioactive heams

{ Key Technical Features } e — A (or Antiproton-A) collider

+10%! stored and cooled 0.8 - 14.5
*Cooled beams GeV antiprotons

*Rapidly cycling superconducting magnets




Five Scientific Pillars

Nuclear Structure Physics and Nuclear Astrophysics with RIBs
Structure of exotic nuclei far off stability;
Nuclear synthesis in stars and star explosions;
Fundamental interactions and symmetries

Hadron Physics with Antiproton Beams
Quark gluon structure and dynamics of “strong” interacting particles;

Origin of the confinement and mass of hadrons
Transversity measurement via polarized antiprotons and pol. protons

Physics of Nuclear Matter with Relativistic Nuclear Collisions

Studies of hadronic matter at high densities;
Phase transitions in quark matter;
Properties of neutron stars

Plasma Physics with highly Bunched Beams
Bulk matter at very high pressures, densities, and temperatures

Atomic Physics and Applied Science
Highly charged atoms
Low energy anti-protons
Laser cooling



Present knowledge of nuclear masses




Mass measurements at the International Accelerator Facility
for intense beams of 1ons and antiprotons at GSI




The international FAIR project and its members

Germany| | France Finland| | Italy Russia Spain Sweden UK
Obs. EU\ ~ FA!R Counci|_ ' = 4/ Observ. USA
(Representatives of Institutions)
Obs. Hungary Obs. India
Project Management
Obs. Poland Obs. China
Germany r-___ IR UK
_ FAI R PrOJeCt =S Finland
France RNy
P/ Russia
\/
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R / f \ N |
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/ | \ ‘
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Resources, Finances,
Demands of the Project Sweden Manpower and
towards partners

Hardware Contributions




RIKEN Layout of /RIBF

RIBF RI beam generator
PHASE | featuring superconducting ring cyclotron (SRC)

. and superconducting projectile fragment separator
350 MeV/u: All1ons | @i r1ps) will be commissioned in 2006,
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USA RIA Layout

. . Fragmentation
Driver Linac ( to 400 MeV/nucleon) Production Target
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1‘ \’\ Fragment
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Driver Ton Source

Ion Source  podules

(H through U)
Isobar Gas Catcher/
Separators - Ion Guide

Post Accelerator RFQ’s
1 2 3 4
Experimental Areas:

I: <12 MeV/u 2:<1.5MeV/u 3: Nonaccelerated 4: In-flight fragments



Summary of facilities and plans

Current facilities
Europe: In-Flight - 6SI, GANIL

ISOL - REX ISOLDE, SPIRAL I
N-America:  In-Flight - NSCL at MSU

ISOL: ISACTI at TRIUMF

HRIBF at Oak Ridge
Future facilities
Europe: SPIRAL II, SPES, MAFF (n-rich)
HIE-ISOLDE (all bems)
FAIR
EURISOL
Japan: RIKEN facility

N-America ISACII RIA
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