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Negative ions
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• Electron affinity (EA) is the binding energy of the 

additional electron in a negative ion (in the order of ~1eV)

• Typically no bound excited states

Motivation

• Excellent model for validation of atomic theory beyond 

the single particle model

• High beam purity and selectivity possible

Applications

• AMS, e.g. carbon dating with suppression of isobars

• Injection and stripping of H- for proton beams (e.g. 

LINAC 4)

• Sympathetic cooling of antimatter



• Frequency tune-able laser overlapped with negative ion 

beam

• Wigner threshold law:
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Photodetachment in an MR-ToF
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• MR-ToF:

• Bunched ions are reflected between mirror electrodes

• Re-use of the ions possible for spectroscopy, therefore increased efficiency

• Goal:

• Proof of principle of photodetachment threshold spectroscopy in an MR-ToF device

• Step towards EA measurements of sparsely produced radioelements

• Improved resolution by using cw lasers and by compensating laser power with laser-ion interaction time



IS643: Isotope shift of the EA of Cl  
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Isotope shift: 

• SMS depends highly on electron correlation effects 

• Relevance for nuclear charge radii determination

Chlorine:

• Light element => mass shift dominant

• Calculations go beyond current experimental 

precision

• Attempt of measurement was made at At run 2018

• Issues with laser setup

• Yields dropping

[1] Godefroid et al.  (2013)

[2] Berzinsh et al. Phys. Rev. A (1995)
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IS643: Isotope shift of the EA of Cl
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• Offline experiment:

• Cl efficiently produced with LaB6 surface ionizer (MK4) 

• High precision measurement of 35,37Cl

• Milestones:

• Establish negative ion source at MIRACLS

• Trapping of negative ion bunches in MR-ToF

• 1st photodetachment signal

• High precision measurement of 35Cl and 37Cl

[1] Godefroid et al.  (2013)

[2] Berzinsh et al. Phys. Rev. A (1995)

[2] 
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MIRACLS Proof of Principle setup
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Negative ion source for MIRACLS
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• Isolde target connected to moveable beamline

• MK4 surface ion source for negative ion 

production 

• 0.50 keV beam energy

• Beamline compatible with other ISOLDE targets
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Neutral particle detector upgrade
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The setup
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Current status
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• Beam line commissioning complete

• Successful transmission of K+ ions through 

setup

• Cl- transmitted through paul trap

• Neutral detector to be installed



Conclusion
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• Successfully commissioned a negative ion source and beam-line on the MIRACLS PoP setup

• Work towards the isotope shift of stable Cl isotopes ongoing

• Proof of principle of photodetachment spectroscopy in an MR-ToF

• Offline measurement of 36Cl planned

• Online measurements of Cl isotope shift in 2022
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