
2018-21

Winter College on Optics in Environmental Science

Svanberg S.

2 - 18 February 2009

Lund Institute of Technology
Sweden

Laser spectroscopy fundamentals
Parts I and II



ICTP Winter College 2009

Fundamentals of Laser Spectroscopy

Sune Svanberg

Lund Laser Centre
Lund University

Sweden



Why is laser spectroscopy special ?
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Radiative processes



Satur
Saturation



Laser Cavity



Single-mode generation



Nd:YAG laser



Absorption of YAG  808 nm



N2 laser



Excimer laser



Ar-ion laser



Dye laser



Rhodamine 6G



Dye lasers pumped by Ar-ion lasers





Lund Titanium-sapphire CPA Terawatt Laser; 35 TW

10+13 W x 10-13 s = 1 J



DIODE LASERS



Diode
laser





The basics of
non-linear optics



Pulsed laser tuneability



Tuning ranges – Pulsed dye laser, direct and frequency-doubled



Frequency mixing



Optical Parametric Oscillator
OPO



Stimulated Raman Scattering



Raman shifting



Coherent Anti-Stokes
Raman Scattering

CARS



Mode locking





Excitation schemes



Wave meters



Stable lasers, frequency comb techniques 
Fundamental measurements

Laser-based precision spectroscopy

E = hf= h c/
Rydberg constant: f(m,e,h,c) 
Fine structure constant: f(e,h,c)
Anti-hydrogen Hydrogen

E



Absorption Spectroscopy



Intracavity absorption



Doppler-free
Saturation

spectroscopy



Optogalvanic detection



Flame optogalvanic spectroscopy



Optoacoustic spectroscopy



Laser-induced fluorescence
Oil on sheet metal



Collimated atomic beam
Laser-indusced fluorescence detection







Laser-Induced Break-Down Spectroscopy 
(LIBS)

Iron plate
(Fe)





Relations between radiative properties



Electronic recording of transients



Sulfur

A=1/





Ultrafast spectroscopy of complex molecules







Autocorrelator



Titanium-sapphire CPA Terawatt Laser



Lund Terawatt Laser
40 TW







Attosecond pulse generation from high harmonics
A. L´Huillier et al.

170 as





J. Fujimoto et al.



In Vivo Ultrahigh Resolution OCT versus Histology
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Gass J.D.M., 1997 

Choriocapillaris 
and Choroidea
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W. Drexler et al. Nature Medicine, Vol 7, No. 4, 502-507, 2001
W. Drexler et al.; Vienna



Collaborative Projects
Workshops in Lund

Diode laser spectroscopy in 85-Rb, 87-Rb A x5
Doppler-broadened, Doppler-free 780 nm

Compact fibre-optic fluorosensor (395 nm laser) B x5

Gas in Scattering Media Absorption Spectroscopy C x5
(GASMAS) Oxygen 760 nm

LED-based  fluorosensors
Multispectral imaging  with LEDs (LED microscope)
Photodynamic therapy (PDT)



African Collaboration

University of Cape Coast, Ghana 
Paul  Buah-Bassuah, Benjamin Anderson

Université Sheik Anta Diop, Dakar, Senegal
Ahmadou Wagué, Malik Diop, Almany Konte

University of Nairobi, Kenya
Kenneth Kaduki, Robinson Gathoni, Kimari Wangai

University of Zimbabwe, Harare
Manny Mathuthu, Kaitano Dzinavatonga, N. Ndlovu, Louis Olumekor

University of Khartoum, Sudan
Ababaker Abdallah

University of Colombo, Sri Lanka
T.R. Ariyaratne, Hiran Jayaweera

Escuela Politecnica Nacional, Quito, Equador
Edy Ayala, Cesar Costa, Juanita Coloma, Omar Marillo

Sponsors:
Lennart Hasselgren, IPPS, Sweden

Gallieno Denardo, ICTP, Italy
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FROM LEFT TO RIGHT: Malick Diop, Sara Pålsson, Ababakar Abdalla, 
Kenneth Kaduki, Almamy Konte, K. Dzinavatonga, Jaidane Nejmedinne, Ahmadou Wague, 

Sune Svanberg, N. Ndolovu, M. Mathuthu, Katarina Svanberg and Niels Bendsoe. 

Part of the African-Lund Workshop at the Oncology Department

Senegal, Kenya, Zimbabwe, 
Ghana, Sudan,Tunisia, Equador



ENT department in Dakar



GASMAS
Materials science applications

• Diffusion into building materials
• Moisture in building materials
• Influence of paints
• Ceramics
• Zeolites (catalysts) gas exchange
• Pore size 
• Insulators (internal electric fields)



Biological applications

• Meat storage
• Oxygen penetration through plastic films
• Packaging materials
• Fruit maturing (ethylene)
• Food processing
• Foodstuff mixing
• Algae in water



Literature references:

S. Svanberg, Atomic and Molecular Spectroscopy –
Basic Aspects and Practical Applications, 4th edition
(Springer-Verlag, Heidelberg 2004)

S. Svanberg, Multispectral Imaging – from astronomy
to microscopy – from radiowaves to gammarays
(Springer Verlag, Heidlberg, to appear)



Thank you for your attention !


