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   Context and history: Spectroscopy and twisted Light
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   Results: Atomic Spectrocopy with Twisted Light
Part 3
   Closing: Thanks, future plans, other things.
 

Roadmap to this talk



1811
   Argo: rotation of polarization by Quartz crystals 
1815
   Biot: rotarion of polarization by Organic Chemicals
1820
   Herschel: quartz and "anti-quartz"
1849 and 1974
   Pasterur, van't Hoff and Lebel:
   dextro and levo molecules explanation 

Polarization Rotation
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Spectroscopy

 

Wollaston and Fraunhofer  (1802 and 1814)
Atomic Spectroscopy



 

Zeeman Splitting
Atomic Spectroscopy

m=0
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Photon Angular Momentum
Light Matter interaction

Über eine Anomalie bei der Polarisation der Ramanstrahlung
- W. Hanle,  Naturwissenschaften May 1931, Volume 19, Issue 18, pp 375–375
- R. Bär, Naturwissenschaften May 1931, Volume 19, Issue 22, pp 463–463

Evidence for the Spin of the Photon from Light-Scattering.
- C. V. Raman & S. Bhagavantam, Nature 128, 114-115 (18 July 1931)
Also...
- A. Kastler, Compt. Rend., 193 (1931) 1075.
- J. Cabannes, J. Phys., 2 (1931) 381.

Non existence d'un spin des photons
A. Kastler - J. Phys. Radium 2, 159-164 (1931)
....
.......
.........
The Nobel Prize in Physics 1966 was awarded to Alfred Kastler 
"for the discovery and development of optical methods for studying 
Hertzian resonances in atoms". 
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Oscilating Field
Light field description



Mechanical Efects



 

1936,Beth - Angular Momentum
Mechanical Effects



 



 

Beth revisited - Angular Momentum
Light Matter interaction



1619
    Kepler: Comet Tails
1901 
    Nicols radiometer
19xx
    Photon recoil
19xx 
    Satellites and spacecrafts
   
NOT - Crooks Radiometer.
   

Mechanical Effects
Linear Momentum
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Plane WavePlane Wave
Light field description



 

Twisted Light



 

a Laguerre-Gauss beam... ... has spin and 
orbital angular momentum.

who got the party started?

pg. 8185

Orbital Angular Momentum of Light



 

Orbital Angular Momentum of Light

pg. 826

twisting micropic particles



Video intermission coutersy of the
University of Southampton – Optoelectronics Research Centre

Orbital Angular Momentum of Light
twisting micropic particles
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twisted light optical activity
failed attempts

Araoka, F., Verbiest, T., Clays, K. & Persoons, A. 
Interactions of twisted light with chiral molecules: an experimental investigation. 
Phys. Rev. A 71,055401 (2005).

Löffler, W., Broer, D. J. & Woerdman, J. P. 
Circular dichroism of cholesteric polymers and the orbital angular momentum of light. 
Phys. Rev. A 83, 065801 (2011).

Mathevet, R., de Lesegno, B. V., Pruvost, L. & Rikken, G. L. J. A. 
Negative experimental evidence for magneto-orbital dichroism. 
Opt. Express 21, 3941–3945 (2013).



Light-Matter Interaction Summary

Energy - Linear
Momentum

Spin Angular
Momentum

Orbital Angular
Momentum

Atomic
Spectroscopy

Mechanical
Effects on Matter

Mechanical
Effects on Light

Fraunhofer Radiation Pressure

Hanle  & Bät Beth

Rubenstein Dunlop

Refraction

Optical Activity

?



part 2. 
Atomic Spectroscopy with twisted Light



 

 

 

 
 



 

 

 

 
 



 

 

 

 
 



 

 

Symmetries - Dipole and Quadrupole Transitions
Light Matter interaction

Electric Dipole
oscilating electric field

Fermi's Golden Rule

Light-Matter Interaction

Electric Quadrupole
oscilating gradient - it's a wave!



zk

x

Travelling Wave
  

Field Amplitude  and 
Longitudinal Gradient zk

Vortex Beam
  

Transerse Field Gradient 
with no Amplitude
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Experimental results
excitation along the beam profile
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Transverse Gradient

Eur. Phys. J. D 66: 157 (2012)
prediction Schmiegelow & Schmidt-Kaler

Nature Comm. 7, 12998 (2016)



Experimental results
excitation along the beam profile
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Transverse Gradient

Quadrupole Excitation 
as a function of the

 position of the ion 
in the beam

Beam Intensity Profiles
(measured with CCD

before focusing on the ion)
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Schmiegelow et. al., Nat. Comm. 7, 12998 (2016)



Experimental setup
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Quadrupole Energy Levels  Ca+
Allowed transitions indicated.
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Schmiegelow et. al., Nat. Comm. 7, 12998 (2016)



 

 

 

 
 

OAM in photons can interact with
 atomic internal degrees of freedom.

- Atoms love the extra twist -
 

Local brightnes is not all that matters.
- Atoms can also get excited in the dark - 
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Laboratorio de Iones y Átomos Fríos
Departamento de Física, Universidad de Buenos Aires

Instituto de Física de Buenos Aires, CONICET
 



Laboratorio de Iones y Átomos Fríos

Juan Pablo
Paz

Miguel
Larotonda

Augusto
Roncaglia

Christian
Schmiegelow

 

Founders

Departamento de Física, Universidad de Buenos Aires
Instituto de Física de Buenos Aires, CONICET

 

Objective: build a lab for research
on fundamental aspects of quantum 

theroy and applications







Stuctured Light -  Vector Beams

radially 
polarized

azimutally
polarized

uniform
polarization



Nano Cryostats



Themodynamics of small systems

coolingheating



part 3. 
thanks, present and future

- work enviroment and friendship
- collaborators local and intenrational
- work-hard, play-hard

Undergraduate - Universidad Nacional de La Plata, Argentina

PhD - Centro de Investigaciones para la Defensa and
      Universidad de Buenos Aires, Argentina

Posdoc - University of Mainz, Germany

Currently - Universidad de Buenos Aires, Argentina

Trajectory

My three keys to work



thank you for your attention


