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Spectroscopy 

of negative ions



UNIVERSITY OF GOTHENBURG

Negative ions
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Photdetachment:  hf+ 𝑨−→ 𝑨+ 𝒆−
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Wigner threshold law: 𝝈 𝑬 = (𝑬𝜸 − 𝑬𝒕𝒉)
𝒍+

𝟏

𝟐

𝒍 angular momentum of emitted electron 
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• Electron affinity (EA) is the binding energy 

of the additional electron (in the order of 

~1eV)

• Electron correlation dominated binding 

allows probing of theories beyond Hartree-

Fock approximation

• Almost no bound states with opposite parity 

existing (except La, Os, Ce, Th and U)

7

Periodic table of the a) ionization potentials b) electron affinities



P- + hn→ P + e-

Energy

P- P

3P2

3P1

3P0

Determination of electron affinities:

s = k (E-EEA)l+1/2 EA = 746.68(6) meV
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DESIREE – Double Electrostatic Ion Ring Experiment

A Swedish national facility at Stockholm university
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https://www.desiree-infrastructure.com/
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A Precision measurement of the EA of O¯

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

S/B= 15/100=1/7
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a b
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S/B= 80/15= 5/1→ 35 times improvement
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• 10-fold precision improvement

• Theoretical results vary between 

~1.45-1.47 eV

Final result: EEA = 1.461 112  972 (87) eV 
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18-16O isotope shift

• Previous IS experimental value: -9.2(2.2) μeV

C. Blondel,  Physical Review A 64, 052504 (2001).

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
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• - Atomic structure: MCDHF + RCI using latest 

dev. version of GRASP*,  correlation model

inspired by Godefroid and Froese Fischer***

• - total IS on EA = -7.9 meV

Mass shift dominates completely

tricky to converge due to counteracting

normal and specific mass shifts

•
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Theory by Jon Grumer
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Sn- + hn→ Sn + e-
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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 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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H+

U
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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

Theory EA = 2.414 (16) eV

By Anastasia Anastasia Borschevsky and co-
workers: DIRAC15 program package using the 
single reference coupled-cluster approach in 
the framework of the Dirac- Coulomb 
Hamiltonian (DC-CCSD(T))

Rothe et al. Nat. Commun. 4, 1835 (2013).  
IP(At) = 9.317 51(8) eV

→

Electronegativity = (IP + EA)/2 = 5.866 65 eV





OPTICAL  MANIPULATION
Ray optics: <<d

Snells law of refraction

Photons carries momentum





OPTICAL LEVITATION

FradFmg
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Trapping in Wave optic
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Optical  levitation



OPTICAL MANIPULATION - ARTHUR 
ASHKIN

• 1970 – Optical levitation
Ashkin&J.M.Dziedzic, App.Phys.Lett.19,283(1971)

• 1986 – The optical tweezers -trapped living

A. Ashkin et al., Optics Letters. 11, 288 (1986)

• Nobel prize in physics 2018

“for the optical tweezers and 

their application to biological

systems.”
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Objective

Trapped cell

Eyepiece

Laser beam

The optical tweezers
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Salt stress of a single yeast cell

Normal 
cell

Osmotic shock
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Media 1 Media 2

Trapped 

cell

Salt stress of a single yeast cell

In cooperation with group of Stefan Hohmann

At Cell and Molecular Biology, Göteborg University
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How are raindrops created?



The bottleneck problem:

A similar problems occurs in planet formation

Research project ” Bottlenecks for particle growth in turbulent aerosols" from the Knut and

Alice Wallenberg Foundation, coordinated by Bernhard Mehlig
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Particle size

Diffusion Gravity

20 mm
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Ivanov et al. Optics express 25 (2017) 1391 
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Camera 2

Dispenser

U

LED 1

LED 2

Camera 1
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600mW laser
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NUMERICAL MODEL

▪ Gravitation

▪ Hydrodynamic forces (Stoke)

▪ Coulumb forces

▪ Optical forces

▪ Ray optics regime

▪ Fresnels law´s

▪ Momentum of photon
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NUMERICAL MODEL
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NUMERICAL MODEL
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EXPERIMENT                MODEL      
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Bubble dynamics and atomization of acoustically levitated biofuel droplets using femtosecond laser pulses

Vishal S. Jagadale1, Devendra Deshmukh1, Dag Hanstorp2, * & Yogeshwar Nath Mishra1,2,3



Bubble dynamics and atomization of acoustically levitated biofuel droplets using femtosecond laser pulses

Vishal S. Jagadale1, Devendra Deshmukh1, Dag Hanstorp2, * & Yogeshwar Nath Mishra1,2,3



Femtosecond laser bone sectioning
Master project, Department of Physics

Today: a ) Surgical Scalpel                   b) Conventional Medical Laser                      Solution: Femtosecond laser sectioning                          

Tearing of tissue

Shear stress

from scalpel

> 400 µm

damage zone

Thermal Shockwave

Heated tissue

Melts & burns

Long laser

pulse > 10 ns

> 800 µm

damage zone

Laser vaporizes

tissue within 

femtoseconds

< 10 µm

damage zone

Mid-IR femtosecond

laser pulse

Motivation: Sectioning of bones in osteology to access the bone marrow. 

This is of great interest in medcial researcher e.g. in investigations of leukemia for 

an anlysis of cells in the bone marrow using optical methods.

☼ Almost impossible for fresh bones

(living cells cannot be preserved)

Sahlgrenska hospital + GU physics



Femtosecond laser bone sectioning
Master project, Department of Physics

Contacts:

Prof. Dag Hanstorp (dag.hanstorp@gu.se)

Dr. Di Lu (di.lu@physics.gu.se)

300 μm slice

PFA-fixed tibia

100 μm slice

Pre-stained bone

CFemtosecond laser
(Clark-MXR/CPA-2001)

Bone slice

Bone cell culture

Goal:

few tens of µm

Concept: Preliminary results: Mice bone 

microtome  sections with  trabecular bones
Project goal: Build a femtosecond

laser bone sectioning platform at Laserlab

Göteborg

that can produce

A) Smooth surfaces

B) Thin slices (tens of micrometers, i.e. a

fraction of the thickness of a human hair)

Prior knowledge:
➢ Optics

➢ Mechanics

➢ Electronics/computer control/programming

➢ Physics

➢ or Medicine

Number of students:
➢ One in physics

➢ Two in physics

➢ One in physics and one in medicine

Sahlgrenska hospital + GU physics





Millikan’s experiment

On the Elementary Electric charge and the Avogadro 

Constant". Phys. Rev. 2 (2): 109–143.
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Conclusion and outlook

High resolution EA measurements → Beamtime approved at DESIREE for 

Si- in September (Julia Karls)

Isotope shifts → Beamtime approved at CERN

for studies of a IS in the chain
38Cl- 43Cl

Lifetimes studies → Beamtimes at DESIREE approved for 

studies of Th- and Sn-

EA of Radioactive elements → Beamtime for Po- approved at CERN
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