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Experiments with stored ions at ISOLDE: 
TSR@HIE-ISOLDE proposal 
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F. Wenander (CERN), Ph.J. Woods (Univ. Edinburgh)   (eds.) 
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Collaboration: 129 scientists from 47 institutions in 19 countries 
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The Test Storage Ring at Heidelberg 

Circumference: 55 m 

injection 

ECOOL 
resonator 

extraction 

experiment 
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Advantages 

With respect to in-flight 
storage rings 

High intensity 
Cooler beams 

With respect to “direct” beams 
Less background 
(target, beam dump) 
Improved resolution 
CW beam 

A storage ring at an ISOL facility 

Physics programme 

• Astrophysics 
Capture, transfer reactions 
7Be half life 

• Atomic physics 
Effects on half lives 
Di-electronic recombination 

• Nuclear physics 
Reaction studies 
Isomeric states 
Decay of halo states 
Laser spectroscopy 

• Neutrino physics 

The TSR Physics Planning Summary TSR and HIE-ISOLDE 
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Coupling the TSR to HIE-ISOLDE 

Good matching of timing properties: 
multi-turn injection 
→ an EBIS pulse can be fully injected 
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Coupling the TSR to HIE-ISOLDE 

Good matching of timing properties: 
multi-turn injection 
→ an EBIS pulse can be fully injected 
Cooling during the time 
between EBIS pulses 

The TSR Physics Planning Summary TSR and HIE-ISOLDE 

M. Beutelspacher, Diploma thesis, University Heidelberg, 1997 
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Coupling the TSR to HIE-ISOLDE 

Good matching of timing properties: 
multi-turn injection 
→ an EBIS pulse can be fully injected 
Cooling during the time 
between EBIS pulses 
Intensities only limited by lifetimes 
Iring = Iinj ε f τ 
→ gains around 106 

multiple 
scattering 

electron 
capture 

total 

12C6+ 
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S. Artikova, University Heidelberg, Ph.D. thesis 
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Physics programme 

Physics Planning Summary The TSR TSR and HIE-ISOLDE 

Advantages 

With respect to in-flight 
storage rings 

• High intensity 
• Cooler beams 

With respect to “direct” beams 
• Less background 

(target, beam dump) 
• Improved resolution 
• CW beam 

Physics programme 

Astrophysics 
Capture, transfer reactions 
7Be half life 

Atomic physics 
Effects on half lives 
Di-electronic recombination 

Nuclear physics 
Reaction studies 
Isomeric states 
Decay of halo states 
Laser spectroscopy 

Neutrino physics 
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Atomic methods and physics F. Bosch, C. Brandau, Yu. Litvinov, 
D.W. Savin, S. Schippers 

Physics Planning Summary The TSR TSR and HIE-ISOLDE 

C. Brandau, et al., Phys. Rev. Lett. 100, 073201 (2008) M. Lestinsky, et al., Phys. Rev. Lett. 100, 033001 (2008) 

Study of atomic shells using dielectronic recombination 
→ deduce nuclear properties 

Atomic data for astrophysics, fusion energy 
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Atomic methods and physics F. Bosch, C. Brandau, Yu. Litvinov, 
D.W. Savin, S. Schippers 

Study of atomic shells using dielectronic recombination 
→ deduce nuclear properties 

Atomic data for astrophysics, fusion energy 

Nuclear effects on atomic half-lives 
Study in function of the magnetic moment 

Atomic effects on nuclear half-lives 
(counting experiments, need large number of nuclei) 

Physics Planning Summary The TSR TSR and HIE-ISOLDE 
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Half life of H-like 7Be 

injection 
≈108 ions 

stacking 

cooling  2.3 s 

decay 

τ7Be ≈ 300 s 
τ7Li ≈ 9000 s 

Half life of 7Be in the Sun 
Produced  νe rates 
Electron screening test case 

7Be3+? 

K. Blaum, F. Bosch, 
Yu. Litvinov, K. Zuber 
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Reaction measurements 

EXL collaboration 

Proton capture 
(astrophysics) 
Transfer reactions 

Q. Zhong, Journal of Physics: 
Conference Series 202 (2010) 012011 

96Ru(p,γ)97Rh 

P. Butler, M. Heil, R.R., R. Reifarth, 
K. Sonnabend, P. Woods 
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Extracted beams 

stacking ≈τ extraction ≈5 s 

injection 
≈105 ions 

cooling ≈0.5 s 

Cooled beams 
in HELIOS-type spectrometer 
Very good energy resolution 
for reactions at low beam 
intensity 

P. Butler, W. Catford, J. Cederkäll, 
S. Freeman, B. Kay, R. Page, R.R. 
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J. C. Lighthall et al, NIM A 622, 97 (2010) 
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Neutrino physics 

Production and storage of beta-decaying nuclei 
which are suitable for beta-beam project 
(6He, 18Ne, 8Li, 8B) 
Development of the secondary beams, injection, 
cooling, accumulation, decay losses 
Ideal test facility for the accumulation and storage of 6He 
In-ring production, e.g. 6Li(3He,n)8B 
(B is not available as ISOL beam) 
(resonances at low energies  – TSR is an ideal instrument) 
Development of d, 3He targets 

T. Stora, C. Volpe, E. Wildner 
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Riccardo Raabe (IKS, KU Leuven) for the TSR@HIE-ISOLDE Collaboration EURORIB '12, 20-25/05/2012 

The TSR@HIE-ISOLDE 

Possible TSR installation 
above the CERN cable-tunnel 
Tilted beam line coming up 
from the machine 

Planning Summary Physics The TSR TSR and HIE-ISOLDE 
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Planning 

Estimates made for disassembly, 
transportation, reassembly 
Building  (≈ 3 MCHF) 
to be requested from CERN 
Hardware: working groups 
the Collaboration seeks funding 
Running costs and manpower 
provided by the Collaboration 

Planning Summary Physics The TSR TSR and HIE-ISOLDE 



Riccardo Raabe (IKS, KU Leuven) for the TSR@HIE-ISOLDE Collaboration EURORIB '12, 20-25/05/2012 

Summary 

A storage ring at an ISOL facility: a unique instrument 

TSR matches HIE-ISOLDE characteristics 

Possibilities in atomic, nuclear, astro- 
and neutrino physics 

TSR at ISOLDE: favourably received by CERN authorities 

 

 
At HIE-ISOLDE by the 
second shutdown? 

Summary Planning Physics The TSR TSR and HIE-ISOLDE 
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