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Overview

• Why RIBs

• From principles: ISOL and post acceleration

• Facilities: CRC-LLN, SPIRAL, HRIBF, ISAC

• Selected experiments

• Looking forward 
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Why

from RIA white paper

Unknown region is vast
Limits are unknown
Nucleosynthesis path
Magic numbers
Neutron matter

Various descriptions
Relativistic or not
3 body force, 4 body
Unification ?

You have to produce for 
studying

REACTIONS:
Unstable beams, 
where no targets available
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Why

from RIA white paper

Unknown region is vast
Limits are unknown
Nucleosynthesis path
Magic numbers
Neutron matter

Various descriptions
Relativistic or not
3 body force, 4 body
Unification ?

You have to produce for 
studying

REACTIONS:
Unstable beams, 
where no targets available

The best probe is the one which gives you the best 
signal/noise ratio : RIB
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From principles

www.phy.ornl.gov

HRIBF
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Basics of the production

M. Fujioka and Y. Arai, Nucl. Instr. Meth. 186 (1981) 409
R. Kirchner, Nucl. Instr. Meth. B70 (1992) 186

Diffusion, Effusion, ionization

R. Kirchner, Nucl. Instr. Meth. B203 (2003) 179



INPC2007 - ACC Villari - GANIL

Basics of the production

M. Fujioka and Y. Arai, Nucl. Instr. Meth. 186 (1981) 409
R. Kirchner, Nucl. Instr. Meth. B70 (1992) 186

Diffusion, Effusion, ionization

R. Kirchner, Nucl. Instr. Meth. B203 (2003) 179



INPC2007 - ACC Villari - GANIL

Basics of the production

M. Fujioka and Y. Arai, Nucl. Instr. Meth. 186 (1981) 409
R. Kirchner, Nucl. Instr. Meth. B70 (1992) 186

Diffusion, Effusion, ionization

R. Kirchner, Nucl. Instr. Meth. B203 (2003) 179



INPC2007 - ACC Villari - GANIL

Basics of the production

M. Fujioka and Y. Arai, Nucl. Instr. Meth. 186 (1981) 409
R. Kirchner, Nucl. Instr. Meth. B70 (1992) 186

Diffusion, Effusion, ionization

R. Kirchner, Nucl. Instr. Meth. B203 (2003) 179

Deauville
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ISOL + post accelerator

• Provides “high intensity” beams with good optical properties

• Can produce “pure” beams

• Poor efficiency for short living nuclei, but progress is being done

• For refractory elements, only possible in “IGISOL” mode 

• MANY ways to get lost what you produced... Efficiency is an important issue. 
Different methods - different facilities - developed complementary techniques, 
guaranteeing better efficiency and reliability
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Selected Facilities : CRC - LLN

www.cyc.ucl.ac.be
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SPIRAL

ISOL
E = ~ 1.7A - 25A MeV

 ACCV, Nucl.Phys. A693, 465 (2001)

Facilities: SPIRAL - GANIL
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E = ~ 1.7A - 25A MeV
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Beam separation
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37 available isotopes and more coming

SPIRAL - GANIL
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37 available isotopes and more coming
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Reliability
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8Li3+,9,11Li2+
10,11,12Be3+,4+
17F5+
24-29Na7+
29,31Mg9+, 28,30,32Mg8+
68Ni19+
67-71,73Cu19+,20+,20+,19+
80Zn21+, 74,76,78Zn18+
70Se19+
88,92Kr21+,22+
108In30+
108,110Sn27+,30+
122,124,126Cd30+,31+
138,140,142,144Xe34+
148Pm30+
153Sm28+
156Eu28+

REX-ISOLDE: Isotopes already accelerated
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Efficiencies: 2006
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ISAC: the best today

P. Bricault et al., PAC 1999 proceedings
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ISAC: the best today

P. Bricault et al., PAC 1999 proceedings

Today: Ep = 500 MeV I = 100µA (50kW)
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• EXCYT, Catania - delivered the first 8Li beam 

• TRIAC (KEK-JAERI) is also starting (accelerator moved from former INS)
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Selected examples (more in the following J. Aysto talk)
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Beam produced at REX-ISOLDE at 2.83A MeV, detection: Miniball
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1+ beam

6+ beam
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Induced instantaneous depopulation of a nuclear isomerInduced instantaneous depopulation of a nuclear isomer
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• Energy is “released” and half life of the isotope is changed 
- Interest for nucleosynthesis processes?

M1/E2 E2

• Decay through faster M1 transition
Population via Coulex (E2)

Courtesy: J. Aysto

Coulex



INPC2007 - ACC Villari - GANIL

HRIBF very successful in Coulex in the 132Sn region
 D. C. Radford et al., Phys. Rev. Lett. 88, 222501 (2002) 

Experiments moving to transfer and fusion.

Thanks: W. Nazarewicz
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The first transfer measurements on N=82 nuclei
on / near r-process path

130Sn(d,p)131Sn - R. Kozub et al. 
132Sn(d,p)133Sn - K.L. Jones et al. 
134Te(d,p)135Te - S.D. Pain et al. 

• yields, angular distributions of low-lying
states measured

• first observation of p1/2 state in 133Sn
• three other states in 133Sn measured,

calibrated with 130Te(d,p)
• evidence for numerous states in 131Sn

never seen before
• evidence that the f5/2 level in 135Te is at a

significantly higher energy

132Sn(d,p)133Sn

K. Jones
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p3/2

p1/2

f7/2

f5/2

46Ar(d,p)47Ar

Sn (47Ar) determined from Q value
N=28 gap reduced by 330(80)keV 
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CD2
380µg.cm-2

      40,44,46Ar
 11A.MeV, 20kHz

GANIL/SPIRAL

BEAM : ~ parallel optics (size ~ 2 cm , Δθ < 2mrad)

CATS

CATS : -beam-tracking detector

- Proton emission point.
  resolution : ~0.6 mm

10cm.

(d,p) reactions with 40,44,46Ar beams

170°

110°

8 m
od

ul
es

M
UST

MUST : -Si Strip detector
-Proton impact localisation
 resolution : 1 mm
-Proton energy measurement.
 resolution : 50 KeV

p
SPEG

41,45,47Ar

Identification

SPEG : Energy loss spectrometer : recoil ion identification    transfert-like products
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28

Decrease of the f  and p  spin-orbit splittings by 800keV and 900keV, respectively
N=28 gap has decreased by 330(80) keV between Ca and Ar
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EVOLUTION OF THE LEVELS AT N=29

Density dependence (J. Piekarewicz)
πs1/2 – ν( p1/2-p3/2 )

         Role of specific n-p interactions

f5/2

f7/2

p1/2

p3/2

Tensor  interaction (T. Otsuka)

πd3/2 –ν( f7/2-f5/2 )
or/and

O. Sorlin courtesy



11Li

p t

9Li
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11Li adventure at TRIUMF

E1055
p(11Li, 9Li) t  at 39.6 MeV
d(9Li, 9Li) d at 39.6 MeV

11Li

p d

10Li
9Li

n

E1078
p(11Li, d)10Li at 49.5 MeV

p(11Li, n)11Be 
(12Li IAS)
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MAYA from GANIL to TRIUMF

W.Mittig et al., Nucl.Phys. A722, 10c (2003) 
C.E.Demonchy et al. J.Phys. G31, S1831 (2005)



     Z

Y
              X

beam

gassiplex

K

INPC2007 - ACC Villari - GANIL

MAYA from GANIL to TRIUMF

W.Mittig et al., Nucl.Phys. A722, 10c (2003) 
C.E.Demonchy et al. J.Phys. G31, S1831 (2005)

5 mm
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MAYA from GANIL to TRIUMF

W.Mittig et al., Nucl.Phys. A722, 10c (2003) 
C.E.Demonchy et al. J.Phys. G31, S1831 (2005)

5 mm
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Courtesy: Thomas Roger

You can actually see the events
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◆ Differential cross section of 
11Li(3/2-)+p -> 9Li (gs:3/2-)+t  and
11Li(3/2-)+p -> 9Li (1st:1/2-)+t 
has been extracted from the January run.

Energy dependence of
the 180° (p,t) reaction.  Q-value measurement
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PRELIMINARY results

thanks: H. Savajols and I. Tanihata 
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Comments

• Important also: to have high efficiency detectors and to choose the best facility 
to make your experiment

• Intensity is not only the issue. Quality and reliability of the probe IS 
fundamental

• Theory is improving when moving to new areas of the chart

• Safety is “starting” to be an issue. This should not be underestimated
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Future

• ISAC-II upgrades - Energy upgrade with charge breeder and new cavities 
(TIGRESS, EMMA)

• SPIRAL2 - LINAG driver with HI and light beams (14.5A MeV) - 200kW

• HIE-ISOLDE - Energy upgrade of REX up to 10A MeV (step at about 5A MeV)

• New comers with specific added value: EXCYT, TRIAC

• SEE H1,2 (Astrophysics); J3,4 (Coming facilities)

• EURISOL & “RIA lite” are needed to go forward, just because the present 
facilities are limited by safety. 

• NEXT GENERATION SHOULD INTEGRATE CONSTRAINING SAFETY ISSUES 
UP TO THE EXPERIMENTAL AREA
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