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Negative ions

For an atom: For a negative ion:



Photdetachment:  hf + 𝑨𝑨−→ 𝑨𝑨 + 𝒆𝒆−

6

Wigner threshold law: 

𝝈𝝈 𝑬𝑬 = 𝒌𝒌 (𝑬𝑬𝜸𝜸 − 𝑬𝑬𝒕𝒕𝒕𝒕)𝒍𝒍+
𝟏𝟏
𝟐𝟐

𝒍𝒍 angular momentum of emitted electron 

Energy

X

EA

X-                 



Why study negative ions?

• Benchmark for electron correlation theory

• Model system in physics

• Appears in many environments and used applications

7



Producing a  positive
hydrogen ion:



Producing a negative hydrogen ion:



Study negative ions:



The electron affinity of Astatine
• Least abundant element on earth

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

• Decays through α-decay

• Used in cancer treatment 
Targeted Alfa Therapy (TAT)
(suitable lifetime and energy, 
non-toxic, non-radioactive daughters)

• Small knowledge about its 
chemical and physical properties
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GANDALPH
Gothenburg ANion Detector for Affinity measurements by Laser PHotodetachment

Drawing:
Annie

Ringvall
-Moberg

At-
Graphene on quartz

For each laserpuls:

Signal:
0.01 atom

Background:
1014 photons

e-
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RESUTLS
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Experiment: EA= 2.415 78 (5) eV



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)

Leimbach et al. Nature Communications, 11 (2020) 3824
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Precision measurement of the EA of O¯

Neumark, D. M., et al.  Physical Review A 32.3 (1985): 1890



DESIREE – Double Electrostatic Ion Ring Experiment
A Swedish national facility at Stockholm university

 Physics at conditions of the interstellar media
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https://www.desiree-infrastructure.com/



19



20
Final result: EEA = 1.461 112  972 (87) eV Kristiansson, et al. Nature Communications 13 ( 2022) 5906
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18-16O isotope shift

New experimental value -9.27(0.09) μeV

Previous IS experimental value: -9.2(2.2) μeV
C. Blondel,  Physical Review A 64, 052504 (2001).

New theoretical value: -7.884 μeV

Previous Theoretical value: -7.104 μeV
Godefroid and C. F. Fischer,  
Phys. Rev. A 60, R2637 (1999).

EEA (16O)=  1.461 112 972 (87) eV
EEA (18O)=  1.461 103 706 (67) eV

IS  = -0.000 009 267(11) eV

Multi-configurational Dirac-Hartree-Fock (MCDHF) and 
relativistic configuration-interaction (RCI) methods, as 
implemented in thecurrent development version of 
GRASP2018  (Jon Grumer)
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Probing wavefunctions: Velocity map imaging (VMI)



Optical tomography
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Optical tomography

Detector

Laser beam

Detached e-

θ



Optical tomography
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Eklund et al. PRA 102 023114 (2020) 



Photodetachment in a strong field:
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Hultgren, Mikael Eklund, Dag Hanstorp, and Igor Yu. Kiyan, 
Phys. Rev. A 87, (2013) 031404.



Detection of photoemitted electrons
X- + hν   X +   e-  

  Energy    structure of the ion

Angular   relative phases of emitted electron 
distrubution       waves the symmetry of the negative ion  

Photodetachment of Na-+hν Na(3p) + e

Liu and Starace PRA, 59 (1999) 3643 
-1  <   β   <   2
β = −1 sin2 (θ)
β = 0 isotropic
β = 2 cos 2(θ)



X-(ns) + hν   X + e- (εp)  (β = 2)

X-(np) + hν   X + e- (εs)     (β = 0)

       X + e- (εd) (β = +)

Two waves  Interference
Cooper and Zare,  J. Chem. Phys. 48 (1968) 942:



Photodetachment of P-

phase shift between
 s- and d-waves 

Amplitude of 
s- and d-waves are equal

𝑅𝑅𝑙𝑙±1 ~𝑘𝑘𝑙𝑙±1

�𝑅𝑅2
𝑅𝑅0 =

𝑘𝑘𝑙𝑙+1

𝑘𝑘𝑙𝑙−1 = 𝑘𝑘2 = 𝐴𝐴2𝜀𝜀

Wigner law: 

𝑐𝑐 = (𝛿𝛿𝑙𝑙+1 − 𝛿𝛿𝑙𝑙−1)

𝛽𝛽 = 2𝐴𝐴2𝜀𝜀(𝐴𝐴2𝜀𝜀 − 2c)/(1 + 2𝐴𝐴22𝜀𝜀2)

Windelius et al. Rev. A. 103 (2021) 033108.





What do we know about negative ions?

Many EAs determined

Five elements with 
allowed transitions 
found

Some lifetimes of 
metastable states have 
been determined

Essentially no traditional optical spectroscopy!
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Ir-: [Xe] 4f14 5d86s2 3F4,
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Sn-





[45] M. S. Safronova, M. G. Kozlov, W. R. Johnson, and
D. Jiang, Phys. Rev. A 80, 012516 (2009).

Theory made by A. Bondarev



Hyperfine structure

I = 1/2 for both 117Sn and 119Sn

 Should have 4 HFS components

Magnetic moments for 
 117Sn and 119Sn are very similar

Forbidden transitions are not forbidden anymore!



La-

CI+all-order



EU doctoral network funded with 4 363 215.12 EUR
(14 Ph. D. positions)

Information will soon be available on panions.eu 
Call open 1st of September
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