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Charlotte Froese Fischer - Opening Remarks:  

In the beginning 

 

”It all began in the 60ies” 

T. H. Maiman  Nature 187,  493–494(1960) 

16th of May 1960 



The negative ion of hydrogen: H- 
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Hatree Fock predict H- to be unstable 

 

EA of H- experimentally determined to be 0,75 eV 

 

Can be predicted only by properly including electron correlation 

 



Properties of Negative Ions 
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Why study negative ions? 

 

 
 

 

• Benchmark for electron correlation theory 

 

• Single state system 

 

• Efficient method to produce ground-state atoms 

  

• Heating of thermonuclear reactors 

 

• Accelerator Mass Spectrometry 

 

• Sympathetic cooling of antiprotons 
 Cerchiari, et al. PRL 123, 103201 (2019), Tang et al. PRL  123, 203002 

 



Isotope shifts in the  

Electron affinity 
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Isotope shift 

 

 

IS = NMS + SMS + VS 

 

 

 

 Observable  Trivial  Atomic  Nuclear 

     Physics Physics 
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Laser photodetachment Threshold Spectroscopy 

 

P- + hn    P + e- 

 

 

 

 

Energy 

P-           P 

3P2 

3P1 

3P0 

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

J. Phys. B 40 (2007) 4097. 
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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 
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Isotope shift in EA of 35/37Cl 

 

 

SMS = — 0.51(14) GHz 

Berzinsh et al. Phys. Rev. A 51, (1995) 231  
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Isotope shift in EA of 35/37Cl 
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Visualization of electronic motion  

in an atomic ground state 
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Energy levels of C- and C 
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Photodetachment in a strong field: 
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N. Rohringer and R. Santra, Phys. Rev. A 79, 053402 (2009) 
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Bandwidth of laser >  Fine structure splitting of C    

Coherently populated states 
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Hultgren et al. PRA 87 (2013) 031404    



The electron affinity of  

Astatine 
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Astatine 

 

• Least abundant element on earth 

 

• 70 mg in the crust of  the earth   

    (1 atom per 100 kg mass) 

 

• Decays through a-decay 

 

• Small knowledge about its  

    chemical and physical properties 

 

• Used in cancer treatment  

    Targeted Alfa Therapy (TAT) 

    (suitable lifetime and energy,  

    non-toxic, non-radioactive daughters)  
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Experimental program at ISOLDE 
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GANDALPH 
Gothenburg ANion Detector for Affinity measurements by Laser PHotodetachment 

 

Drawing: 

Annie 

Ringvall 

-Moberg 

I- Graphene on quartz 

For each laserpuls: 

 

Signal: 

0.01 atom 

 

Background: 

1014 photons 

e- 
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Warbinek,  et al.  

APL114  (2019) 061902  







The At-H molecule should be called astatine hydride  

 (not hydrogen astatide) 

Method Author Year  EA 

Experiment     2.41578(5) 

CBS-DC-CCSDT(Q)+Breit+QED     2.414(16) 

        

MCDHF+SE corr. Chang et al 2010 2.38(2) 

MCDHF Zhao et al 2012 2.416 

DC-CCSD(T)+Breit+QED Broschevsky et al 2015 2.412 

MCDHF+Extrap.+Breit+QED Si and Fischer 2018 2.3729(46) 

CBS-DC-CCSD(T)+Gaunt+QED Finney and Peterson 2019 2.423(13) 

s 



Photodetachment using 

an electrostatic storage ring 
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O- + hν  O + e-
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*
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Measuring the EA of O-  

O- + hν  O + e-
  

O- 
2p5  2P3/2 

2p5  2P1/2 

2p4  3P2 
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Charlotte Froese Fischer - Opening Remarks:  

In the beginning 

 

”It all began in the 60ies” 

 

”2019 is not the end, but the beginning of the 

future!” 
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Thanks to 

 

 

the organizers for an  

excellent conference 

 

Michel for a career where  

you have  combine scientific  

excellence with friendship 

 

you for your attention  


