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Phase diagram of strongly interacting matter

Atomic Nuclei
Finite many-body two-fermion
system with complex interaction
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From FAIR Brochure
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RIB Physics ReachRIB Physics Reach
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RIBF

From National Academy report: Scientific Opportunit ies 
with a Rare-Isotope Facility in the United States, 2 007



Methods to produce slow RI beams based 
on

ISOL or IGISOL techniques 

Methods to produce slow RI beams based 
on

ISOL or IGISOL techniques 

Thanks to: M. Lindroos + ISOLDE team,  I. Moore, H. Penttilä + IGISOL team
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The first ISOL system operated in Copenhagen in the 1950s

”Production of n-rich Kr isotopes for ν-physics”



Radionuclide production and mass separation

m/∆m ~ 1000
GPS

HRS
m/∆m ~ 5000





Users & Science

450 users (7% total CERN)
potentially 1000 users with upgrade

25 countries; 100 institutions
175 projects (4 years)
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Production at ISOLDE









ISOLDE isotopes available for experimentsISOLDE isotopes available for experiments

Refractory elements and short-lived nuclei
are not available !
Solution: IGISOL / gas catcher method.

Refractory elements and short-lived nuclei
are not available !
Solution: IGISOL / gas catcher method.



Double Penning TrapDouble Penning Trap

RFQ cooler
& buncher
RFQ cooler
& buncher

Collinear laser 
spectroscopy
Collinear laser 
spectroscopy

Lasers for 
FURIOS
Lasers for 
FURIOS

Gas catcher
+ Target
Gas catcher
+ Target

IGISOL-facilityIGISOL-facility

J. Äystö, Nucl. Phys. A 693 (2001) 477



Ion guide principleIon guide principle
Based on survival of primary ions in  
helium buffer gas

Charge state concentration: 
(0), +1, (+2)

Fast gas flow required to prevent
neutralisation

Produces ions of any element

All ions are primary ions from
reaction

Delay time (a) few milliseconds

Efficiency:   0.1 to 10 %

Target
SPIG 
electrode

Beam

Extractor

Target

Beam

J. Äystö, Nucl. Phys. A 693 (2001) 477



Fission ion guideFission ion guide

Ion neutralisation rate related to free
electron density ￫
two separated gas volumes

Tilted target to increase the effective
thickness

Production rates:  105 ions/s per isobar

238U Target

SPIG 
electrode

Beam

Extractor



Yields from theoretical cross sections, V. Rubchenya, Phys. Rev. C75 (2007)  054601

238U(p,f)-reaction @ 30 MeV and 10-50 µµµµA



Entrance
window

Primary beam

Ion Guide for Heavy Ion induced reactiosIon Guide for Heavy Ion induced reactios

”Shadow method to remove
Primary beam”
� Reduce ”plasma effect”

Recoil ions Primary beam
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Gas catcher principle*

primary/secondary
beam

Stopping

Neutralization
- 3 body

Molecular formation
with atoms and ions

Diffusion losses

Decay losses

+

Metastable state

RF guide

He, Ar
few 100 mbar

Photo ionization

DC electrical fields for guidance, RF carpets, funnels and walls incorporated and laser ionization

� High density gases to stop energetic particles
� High ionization potential of noble gas atoms prevents charge

exchange between ions and buffer gas atoms – long survival

ANL/GSI gas catcher

(* Possible solution for SLOWRI at RIKEN and NUSTAR at FAIR)



SHIPTRAP
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CERN

SPIRAL
GANIL
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HRIBF
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ANL

LEBIT-MSU

SLOWRI
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IGISOL
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+ IGISOLs at Sendai and Warsaw

EXCYT
Catania

LISOL
Leuven

Thick target ISOL

IGISOL / gas catcher


