
Radioactive Ion Beam Projects in Europe
Juha Äystö University of Jyväskylä, Finland

Principles of radioactive beam production

Current European Facilities
ISOL facilities

Low-energy facilities 
Accelerated beam facilities

In-Flight Fragmentation facilities

Future perspectives worldwide
FAIR, EURISOL
RIKEN, RIA



driver accelerator
or

reactor

thin target high-temperature thick target

fragment separator

experiment

ion source

mass separator

storage ring

In Flight ISOL

heavy ions light ions: p, d 
neutrons

post accelerator

GeV/u (µs)
meV  to 100 MeV/u

(ms to several s)

stochastic/electron
cooling to MeV/u (s)

gas cell 
(ms)

igisol



Current low-energy RIB facilities

SPIRAL I, GANIL

ISOLDE, CERN

LOHENGRIN
, Grenoble

IGISOL, JYFL

LISOL, Louvain-la-Neuve
OSIRIS
Studsvik



Energetic Radioactive Beam Facilities in Europe

CRC, Louvain-la-Neuve, Belgium
delivering ISOL beams since 1989

REX-ISOLDE, CERN
delivering ISOL beams since 2001

GSI, Darmstadt, Germany
delivering IF beams since 1990

MAFF, Munich, Germany
ISOL beams

SPES, Legnaro, Italy
ISOL beams

EXCYT, Catania, Italy
ISOL beams

GANIL, Caen, France
delivering IF beams since 1984
(SPIRAL) ISOL beams since 2001 Dubna ISOL beams
SPIRAL II
ISOL beams

HIE-ISOLDE
ISOL beams

FAIR
IF beams

RIA - USA RIKEN - JAPAN



ISOLDE at CERN

50 % PSB’s protons
Two separators, push-pull mode operation
Several experimental facilities
Post-accelerator for RIBs



Production reactions
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Accessibility of elements using resonant laser ion sourceAccessibility of elements using resonant laser ion source

1H 2He

3Li 4Be 5B     6C 7N    8O      9F   10Ne

11Na 12Mg                                                              13Al   14SI   15P    16S   17Cl   18Ar

19K    20Ca  21Sc  22Ti    23V    24Cr  25Mn 26Fe  27Co 28Ni  29Cu 30Zn  31Ga 32Ge  33As  34Se 35Br 36Kr

37Rb  38Sr   39Y    40Zr  41Nb  42Mo 43Tc  44Ru  45Rh 46Pd  47Ag  48Cd  49In   50Sn 51Sb  52Te 53I    54Xe

55Cs 56Ba 57La  72Hf  73Ta   74W 75Re  76Os 77Ir 78Pt 79Au 80Hg  81Tl   82Pb  83Bi  84Po 85At   86Rn

87Fr  88Ra  89Ac  104Rf 105Ha 106   107   108   109   110   111  112   113

58Ce  95Pr   60Nd 61Pm 62Sm 63Eu 64Gd  65Tb  66Dy 67Ho   68Er 69Tm  70Yb 71Lu

90Th  91Pa   92U   93Np  94Pu  95Am  96Cm 97Bk   98Fc   99Es 100Fm 101Md 102No 103Lr

V. Fedoseyev, ISAC-TRIUMF 
LIS Workshop, 2000

Elements studied with dye laser RIS

Dye laser RIS possible

Ti:Sapphire laser RIS demonstrated

Ti:Sapphire laser RIS possible



ISOLDE scientific ISOLDE scientific programme programme 20042004

• Delivered 320 shifts

– Nuclear Physics and weak interaction: 135
– Atomic methods: 50
– SSP: 22
– + Development experiments: 30
– + Tests and beam development: 30

Atomic Physics
21%

Solid State Physics
10%

Weak Interaction and 
Nuclear Physics

56%

Biology and Medicine
2%

Particle and 
Astrophysics

11%



”New” 3 α 12C rate vs. temperature

NATURE 433(2005)136

IGISOL: 12N 12C*  12B : ISOLDE

3 α

NACRE



REX ISOLDE post accelerator 

http://www.ha.physik.uni-muenchen.de/okester/rex/rex.html





REX-ISOLDE upgrade
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Additional 9-gap 
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2006-
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The GSI accelerator facilities

Ion sources

UNILAC

SIS

FRS

ESR

R3B

SHIP







European NP Roadmap



2nd generation RIB 

REX-ISOLDE

SPIRAL II

5 MeV/u

ISOL in Europe: the next 5 years



SPES @ Legnaro



MAFF in Munich





Future RNB facilities
Location Driver Post-accelerator Fragment

separator Type of facility

GSI –FAIR 
synchrotron,
heavy ions: 
1.5 A GeV

- ‘Super-FRS’ In-Flight

EURISOL protons, 1 GeV,
1-5 MW

CW Linac, 
up to 100 A MeV - ISOL

USA: RIA
Rare Isotope
Accelerator

900 MeV protons
heavy ions:

400 A MeV, 100 kW

Linac 
up to 8–15 A MeV

4-dipole
Separator ISOL, In-Flight

JAPAN: RIKEN 
RIB Factory

Ring-cyclotrons
up to 400 A MeV (light
ions); up to 150 A MeV

(heavy ions)

-

3 fragment
Separators

storage & cooler
rings

In-Flight



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

Primary Beams

• 1012/s; 1.5-2 GeV/u; 238U28+

• Factor 100-1000 over present in intensity
• 2(4)x1013/s 30 GeV protons
• 1010/s 238U73+ up to  35 GeV/u 
• up to 90 GeV protons

Secondary Beams

•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

•Cooled beams
•Rapidly cycling superconducting magnets

Key Technical Features

Storage and Cooler Rings

•Radioactive beams
•e- – A (or Antiproton-A) collider
•1011 stored and cooled 0.8  - 14.5
GeV antiprotons

UNILAC
SIS

FRS

ESR

SIS 100/300

HESRSuper
FRS

NESR

CR

RESR FLAIR



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

nuclides with known masses
G.Audi et al., Nucl. Phys. A729 (2003) 3

stable nuclei

observed nuclei

nuclides with known masses
G.Audi et al., Nucl. Phys. A595 (1995) 409
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nuclides with known masses
G.Audi et al., Nucl. Phys. A729 (2003) 3

stable nuclei

measured at FRS-ESR

observed nuclei

r-process
path

20
28

50

82

8

8

20

28

50

82

126

FRS-ESR measurements
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Mass measurements at the International Accelerator Facility 
for intense beams of ions and antiprotons at GSI

nuclides with known masses
G.Audi et al., Nucl. Phys. A729 (2003) 3

stable nuclei

to be measured with SUPER-FRS-CR-RESR-NESR
Conceptual Design Report, GSI 2001
observed nuclei
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A) Ring Branch
B) Low-Energy Branch



The international FAIR project and its members 

FAIR Project
France

...

Russia

SpainItaly

Resources, Finances, 
Manpower and 
Hardware Contributions 

Demands of the Project 
towards  partners 

UK

Sweden ...

Germany

FAIR Council
(Representatives of Institutions) 

France RussiaFinland Spain UKSwedenGermany

Project Management

Italy

Obs. EU

Obs. China

Obs. India

Observ. USA

Obs. Hungary

Finland

Obs. Poland

...



RIKEN       Layout of RARF/RIBF

RIBF

RARF
Heavy-ion accelerator system

PHASE I
350 MeV/u: All Ions

135 MeV/u: Light Ions

RIBF RI beam generator
featuring superconducting ring cyclotron (SRC)
and superconducting projectile fragment separator
(BigRIPS) will be commissioned in 2006.

PHASE II
Not approved

(white-colored)
1 pµA shield



Great expansion of nuclear world by RIBF
Intensity > 1 particle/day

Projectile Fragmentation

In-flight U fission & P.F.

pr
ot

on
s

neutrons

78Ni ~0.1 particles/sec. (2007)10 particles/sec. (2008)



USA        RIA Layout

Target/
Ion Source
Modules

Target/
Ion Source
Modules

Post Accelerator

Experimental Areas:
1: < 12 MeV/u 2: < 1.5 MeV/u
Experimental Areas:
1: < 12 MeV/u 2: < 1.5 MeV/u

2

Isobar
Separators
Isobar
Separators

Gas Catcher/
Ion Guide
Gas Catcher/
Ion Guide

Fragment
Separator
Fragment
Separator

Fragmentation
Production Target

Driver
Ion Source
(H through U)

Driver
Ion Source
(H through U)

1 3 4

Driver Linac ( to 400 MeV/nucleon)Driver Linac ( to 400 MeV/nucleon)

RFQ’s

3: Nonaccelerated 4: In-flight fragments3: Nonaccelerated 4: In-flight fragments



Summary of facilities and plans

Current facilities
Europe: In-Flight – GSI, GANIL

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

ISOL: ISAC I 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 ISAC II RIA
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