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Negative Ions



Negative Ions

• Electron correlation of vital importance

• Small Electron affinities (EA) 

(appr. 1 eV)

• Few (if any) excited states

• No traditional spectroscopy  
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Isotope shift

IS = MS + VS

IS = NMS + SMS + VS

Observable Trivial Atomic Nuclear

Physics Physics



Isotope shift in electron affinity

Ideal test case for electron correlation  

1H/ 2H Lykke, Murray and Lineberger, Phys. Rev. A 43 (1991) 6104 
35Cl/37Cl Berzinsh et al. Phys. Rev. A 51, (1995) 231 
16O/ 17O / 18O Blondel et al. Phys. Rev. A 64 (2001) 052504 
32S/ 34S Carette, et al. Phys. Rev. A 81 (2010) 042522
12C/ 13C Bresteau, Drag and Blondel, Phys. Rev. A 93 (2016) 013414
206Pb / 208Pb Chen and Ning, J. Chem. Phys. 145 (2016) 084303 

Only stable isotopes investigated



Isotope shift in EA of 35/37Cl

SMS = — 0.51(14) GHz

Berzinsh et al. Phys. Rev. A 51, (1995) 231 



Isotope shift in EA of 35/37Cl



Proposal: Measure EA of Cl isotopes

Measure IS for two well separated even isotopes

GLM beamline, RILIS lasers (l = 343 nm) 

Goal: data for improved atomic theory calculations using

full relativistic multiconfiguration Dirac-Hartree-Fock

(MCDHF) 

Important results  when extracting  VS from measured IS

Question from TAC: 

Not clear if n-def Cl is also required? Does this  affect the beam request?  
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Studies of atomic negative ions at CERN
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Ion rate:  35 000 s-1

Measurement time: 39 min

EA: 3.059 052(38) eV

The Wigner law: s = k (E-EEA)l+1/2



Proposal INTC-P-462: Determination of the electron 

affinity of astatine and polonium 

• 70 mg in the crust of  the earth  (1 atom per 100 kg mass)

• Small knowledge about chemical and physical properties

• Used in Targeted Alfa Therapy 

• Ion rate  (211At-):  6 200 s-1

• Measurement time: ~1 h
• Upper limit for EA(At): < 3.06 eV



Current activity

Master student David Leimbach improving GANDALPH:

• Beam diagnostics

Dedicated particle detector for tuning

Segmented collimators

• Improve Vacuum further

• Surface  ion source for off-line tests

• Computer controlled ion optics



BEAM TIME REQUEST

~We  can select two well separated isotopes where we 

get sufficient yield  

Experiment possible with 3 105 ions at GLM port



OUTLOOK: GANDALPH @ CRIS

• Only elements wtih EA > 2,6 eV, i.e. halogens be produced efficiently

with surface ionizer

• Negative ions are already produced in the charge exchange cell at CRIS

• Narrow bandwidth lasers of CRIS needed for IS measurement

 Collaboration between GANDALPH AND CRIS teams initiated

 GANDALPH will be placed behind CRIS (during LS2)



Thank you for your attention!


