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Release delays



TARGISOL developments vs. existing ISOL beams
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New diffusion or desorption data measured by TARGISOL



ISOLDE beams around N=50



Improvement of Zn beam purity

Yield ratio 81Rb/81Zn: 150000 (Zn RILIS)

Selectivity Intensity
gain loss

Neutron converter 500 7
Macro-gating on release ≈ 2 1
RILIS beam chopper < 5 > 2
Inverted line polarity < 2 1
HRS (R=4000) << 35 ≈ 2

All together < 10000 > 30



Release delays



Desorption enthalpies from a Ta surface

Eichler-Miedema model

Y

Factor 1000 suppression of 4.6 h isotope 
versus 0.3 s isotope requires ca. 170 kJ/mol 

higher adsorption enthalpy!



Zn/Rb discrimination on metallic surfaces?
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L. Westgaard, G. Rudstam, O.C. Jonsson, 
J. Inorg. Nucl. Chem. 31 (1969) 3747.

K.L. Kratz et al., Z. Phys. A325 (1986) 489.

Zn/Rb discrimination on quartz surface!



Pure 80Zn beam
659 keV 80Ga

713 keV 80Zn
1083 keV 80Ga

1564 keV 80Ge

616 keV 80Rb



Yields of Zn and isobars
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Improvement of Zn beam purity

Yield ratio 81Rb/81Zn: 150000 (Zn RILIS)

Selectivity Intensity
gain loss

Neutron converter 500 7
Macro-gating on release ≈ 2 1
RILIS beam chopper < 5 > 2
Inverted line polarity < 2 1
HRS (R=4000) << 35 ≈ 2
Quartz transfer line > 100 ≈ 2

All together ≈ 100000 ≈ 14



Suppression of alkali metals

Element Isotope Half-life Suppression
factor

Rb 80Rb 30 s > 10000
Rb 81Rb 4.6 h > 100
Cs 130Cs 29 min 350
Fr 206Fr 16 s 1000000
Fr 212Fr 20 min 400

r m.p. b.p. IP
(pm) (°C) (°C) (eV)

Cs 265.4 28.5 671 3.89
Fr 270 27 677 4.07



Applications of the quartz transfer line
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Applications of the quartz transfer line

1. Neutron-rich Zn
ISOLTRAP, IS412 (Coulex), decay spectroscopy

2. Neutron-rich Cd
IS393 (decay spectroscopy), IS411 (Coulex)

3. Neutron-rich Hg
IS407 (atomic and nuclear spectroscopy)

4. Neutron-rich Po
IS407 (atomic and nuclear spectroscopy)

Chemically selective methods are element specific, 
they are not a panacea!



Neutron-rich tin beams



135Sn 
282 keV

135mCs 
781 keV

840 keV



Efficient suppression of isobars
BaS+/Ba+ ≈ 2E-2
CsS+/Cs+ < 1E-4 CsS+/Cs+ < 1E-4 
XeS+/Xe+ < 1E-4 
IS+/I+ ≤ 1E-3 BrS+/Br+ ≤ 1E-3
TeS+/Te+ < 1E-4 SeS+/Se+ ≤ 1E-3
SbS+/Sb+ < 1E-4 AsS+/As+ ≤ 3E-2
SnS+/Sn+ ≈ 1 GeS+/Ge+ ≈ 3
InS+/In+ < 5E-5 GaS+/Ga+ ≤ 1.4E-3
CdS+/Cd+ < 3E-4 ZnS+/Zn+ < 1E-4
AgS+/Ag+ < 1E-4 CuS+/Cu+ < 1E-4
PdS+/Pd+ < 1E-3

HRIBF on-line: D.W. Stracener, Nucl. Instr. Meth. B204 (2003) 42.
GSI-ISOL off-line: R. Kirchner, Nucl. Instr. Meth. B204 (2003) 179.
ISOLDE on-line



135Sn 
282 keV

135mCs 
781 keV

840 keV

Weak lines of decay of 135Sn 
and daughters nicely visible!



Prototype target “SnS”

• detailed 101-103Sn decay spectroscopy at GSI-ISOL 

• ISOLDE: UCx/graphite target with “hot plasma“ source 
and 34S addition

• release and yields measured up to 135SnS

• probable observation of 136SnS decay (off-line analysis)

• high precision mass measurements of 131g/mSnS, 133SnS 
and 134SnS by ISOLTRAP



Overview of molecular ISOL beams
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Neutron-rich hafnium beams



Ta/W foil target + MK5 + CF4
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139 keV 184Hf

181 keV 184Hf
345 keV 184Hf

414 keV 184Ta253 keV 184Ta



Prospects of an Ir foil target
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UC2313 (Zn): 

Oliver Arndt, Klara Berg, Elian Bouquerel, Bernard Crepieux, 
Daniel Carminati, Richard Catherall, Iris Dillmann, Bernd Eichler, 
Martin Eller, Magnus Eriksson, Pieter Everaerts, Dima Fedorov, 
Valentin Fedoseyev, Pascal Fernier, Hanna Frånberg, 
Martin Groß, Alexander Hohn, Siegfried Hübener, Karl-Ludwig Kratz, 
Andreas Kronenberg, Thorsten Kroell, Matthias Mendel, 
Kari Peräjärvi, Bernd Pfeiffer, Dorothea Schumann, Erwin Siesling, 
Irina Stefanescu, Thierry Stora, Norbert Trautmann, 
Manuela Turrión, Jarno Van de Walle and the IS412 collaboration. 

UC2301 (SnS): 

Oliver Arndt, Richard Catherall, Christoph Clausen, 
Bernard Crepieux, Martin Eller, Magnus Eriksson, Pascal Fernier,
Teppo Harju, Angelique Joinet, Carola Jost, Strahinja Lukic,
Erwin Siesling and the IS401 collaboration 

TaW312 (Hf): 

Oliver Arndt, Richard Catherall, Guilherme Correia,
Bernard Crepieux, Sandrina Fernandes, Pascal Fernier, Luis Fraile, 
Stefan Hennrich, Karl Johnston, Bernd Pfeiffer, Erwin Siesling



On-line database with thousands of collected 
diffusion and desorption parameters

http://www.targisol.csic.es/

Research
> 100 new diffusion measurements 
> 100 new adsorption measurements

Development
New or improved ISOL beams of 

C, O, Mg, Ni, Zn, Ge, Sn, Hf
Base for new or improved ISOL beams of 

B, Mn, Tc, Ru, Sb, Re, Os, Ir, Hg, Po, …

Results of the TARGISOL project



Training
Two TARGISOL winter schools with 42 participants each.

Over 30 students/PhD students/postdocs involved in 
TARGISOL experiments and/or detailed discussions with 

Bernd Eichler, Einar Hagebø, Siegfried Hübener, 
Ove Jonsson, Reinhard Kirchner, Hans-Jörg Maier, 
Helge Ravn, Ernst Roeckl, Gerard Lhersonneau

Results of the TARGISOL project



> 600 isotopes available at ISOLDE-SC

> 1100 isotopes produced at ISOLDE till today

> 2000 isotopes in principle feasible 
with ISOL method

Development needs diffusion 
and desorption data!

Nuclear chart at ISOLDE



P. Armbruster et al., Nucl. Instr. Meth. 139 (1976) 213. 

mass-separated fission fragments, 

up to 105 per second, T1/2 ≥ μs

The LOHENGRIN fission fragment separator

14.2. Proposal deadline 
for experiments in 2006





Thermal stability of group 14 sulfides

R. Kirchner, Nucl. Instr. Meth. B204 (2003) 179.



Ni (and Fe) release
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⇒ much faster desorption from carbon surfaces 
compared to metals!



Faster target for Ni (Fe, Co,...)

UCx/graphite 
target

Ta Transfer line

W ionizer cavity

graphite sleeve

graphite ionizer cavity

graphite Transfer line
Laser beams



Prototype target “Ni”

• UCx/graphite with carbon liner in transfer line and 
RILIS ionizer

• release and yields measured up to 71Ni

• 20% less 68Ni than from normal UCx/gr. + W ionizer

• 3 times more 69Ni 

• 5 times more 70Ni

• 71Ni detected for the first time

• tail of release curve still >10 min

• used for Coulex run with 68Ni

• line broke (open circuit) due to multiple power cuts 
when ISOLTRAP started to look for 69,70Ni



81Zn βγ decay
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Confirms PARRNe result:
D. Verney et al., Brazilian J. Phys. 34 (2004) 979.

446 keV
4.6 h 81Rb


