
10/03/11

Beams available at HIE-ISOLDE

Thierry.stora@cern.ch

Target and Ion Source Development

CERN-ISOLDE
EN-STI-RBS



10/03/11

Beams at ISOLDE in 2010

73 chemical elements (including Ti, 232Th, 238U).
1200 isotopes
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HIE-ISOLDE: the physics opportunities CERN-2007-008
Beam intensities in Annex 1 by P. Delahaye, 2007
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F. Wenander, 2010
CERN-ATS-Note-2011-010 MD

Basis for beam intensity estimates

P. Delahaye, 2007
CERN-2007-008

Folded with ISOLDE yields, 6A protons,
80% Linac transmission

Low energy
REX efficiencies
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10 MeV deuterons
d-to-n converter (Be)
n moderator (wax)
UO2 (10 kg) 
Baking powder

O.Kofoed-Hansen
K.O. Nielsen
Dan. Mat.Fys.Medd. 26, no. 7 (1951)

ISOLDE “0”

89Kr (CO2, H2O, 
NH3)

From CERN 76-13, 3rd conf. nuclei far from stability 

1 Element
2 Isotopes
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1970 : 12 Elements
9 Targets, ~ 2 ion sources 



10/03/11

1986 :  65 Elements
Wide range of targets, ion sources 
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Fission probability
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238U, 1.4 GeV p,f (2.59 barn) CASCABLA  

238U, 600 MeV p,f (2.25 barn) CASCABLA

235U, Thermal n,f  ( 582 barn)

Uranium targets for ISOL beams
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1.4 GeV p - ISOLDE 238UCx
- FLUKA MC Code

Courtesy of E. Bouquerel
For any one mass, 1010-1012 isotopes/s

Fast n,
1.4GeV p

238U
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Evolution of yields over years
Evolution of Rb yields
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R. Klapish et al.
(UCx at CERN-PS&IPNO/CSNSM, 1967)

Fission
(10.5GeV p on ThCx)

Rb release
Phys Rev Lett, 1968

After
Proton
pulse

After 8 sec.

1st Targets used at CERN-PS for 
alkali metals (p 10-24 GeV)

Target preparation:
5cm long, 6mm diameter.
36x 70m C, 1-10m (1-8mg/cm2) U compound, 100m gap: tot 0.3g/cm2 U
Operated at ca 1500°C

UO2(NO3)2.6(H2O) layer, converted to UO3 at 200°C
Heated further to obtain U3O8 / UC /UC2 / oxycarbide

Na from Ir/C target
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How to produce a radioactive ion 
beam with the “ISOL” technique
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Release properties for Kr
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Online yield of Kr
Release curve Y2O3 sub-micron target 

vs Nb foils (30m)
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Yields of 72Kr have been improved by x10 from 2 103/C to 2 104/C
(combining prod cross section, target thickness, release efficiency
and ion source efficiency)
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ISOLDE n-
spallation source: 

Ta(W)-rod 
mounted below 
the UC target 

(before 
irradiation) 

Target-converter unit at 
ISOLDE
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Beams are always delivered at 

constant intensities ?
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Origins of the decrease
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UCx – 314 (Quartz Insert)

Numerical simulation of temperature 
profile along the transfer line

Ta Temperature vs Cylinder Length
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T=200-1400ºC to suppress Alkalis (Cs, Rb)
for pure beams of Cd, Zn
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Monte Carlo code to 
compute trajectories

Monte Carlo numerical simulation of isotope trajectory
(RIBO code)
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130Cd beams

126Cs yield function of quartz temp
Fit with Hads = - 145 +- 20 kJ/mol
as only free parameter
Isothermal vacuum chromatography
is ca -180 kJ/mol 

80Rb yield function of quartz temp
Fit with Hads = - 242 +- 20 kJ/mol
as only free parameter
Isothermal vacuum chromatography
is ca -270kJ/mol
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Production of Ti beams
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92 elements will be 
produced @ ISOLDE ?

X3-10
Ion source

Purification
of 80Zn, 130Cd
with quartz
(Hads)

1st Fe
RIB

X10 20,21Mg
sub-m SiC

Au beams
by laser ionis.

48Cr
x250

TiF3
+

Beam evolution in the past 4 years (as of Jan 2011)

X3, New lasers
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High power target for next High power target for next 
generation facilitiesgeneration facilities

dump

Production of νe

2 . 1013 18Ne/s

–P. Valko and T. 
Stora

E. Noah @ IPUL Lab,
Molten Pb/Bi
EURISOL DS
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Selective adsorption to trap impurities : isothermal chromatography
PhD of E. Bouquerel and related publications

Improved isotope release from porous high T nano(sub-m) ceramics
PhD of S. Fernandes and related publications (CERN patent)

New plasma ion source
PhD L. Penescu, discovery of 229Rn, related publications

High power targettry
EURISOL and beta beams



10/03/11

Target and Ion Source Development group:

Targets :       A. Gottberg (ActILab, ENSAR FP7)
                     J. P. Ramos (non actinide)
Ion sources : P. Suominen
Molecules :   C. Seiffert
High Power
targets :       T. Mendonca
Converter:    R. Luis
+ 1 cathi fellow
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Spare slides
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Target and Ion source
(1967, CERN-ISOLDE)

1st Target units used at CERN-SC 
ISOLDE 1-2 (p 600 MeV)
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Target mass related to beam 
intensities

R. Cardinale, T. Stora
EURISOL-DS, poster final town meeting Pisa

100 8mm diam U/C composite foils, 5-10mg/cm2 U, tot ~1g/cm2 U, 1600°C
(C Thibault et al., Phys Rev C, 1975)

440ms 48ms22.5s 31ms60s
PS
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•Uranium Carbide Pills

–UO2 + 6C → UC2 + 2C + 2CO

•Target of ~50gcm-2

•Uranyl Nitrate UO2(NO3)2 

–U3O8 + 20C → 3UC2 + 6C + 
8CO

•Thorium Carbide

–ThO2 + 6C → ThC2 + 2C + 2CO

•Thoria felt

Actinide Target production at 
ISOLDE

(HfO felts)
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Àbulk= 3.5 g/cm3

Characterization UCx ISOLDECharacterization UCx ISOLDE

L. Biasetto et al.

How to do release modeling from this material ?
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And a general case

R. Cardinale, T. Stora
EURISOL-DS, poster final town meeting Pisa

100 8mm diam U/C composite foils, 5-10mg/cm2 U, tot ~1g/cm2 U, 1600°C
(C Thibault et al., Phys Rev C, 1975)

440ms 48ms22.5s 31ms60s
PS

L. Biasetto et al.
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(Radioactive) Ion Beam Facilities

Hie isolde

EXCYT, IGISOL,
SPES

EURISOL

“ISOLDE 1”

“ISOLDE 0”
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