
 

DOCTORAL STUDIES COURSE UNIT DESCRIPTION    

Name of subject Scientific Field Faculty Center/Institute/ 

Department 

Modern optics and 

spectroscopy 

(10 ECTS credits) 

Physics N 002 Faculty of Physics Laser Research 

Center, 

Institute of 

Chemical Physics 

Student’s workload Hours  Student’s workload Hours  

 

Lectures 24 Consultations 12 

Individual study 214 Seminars  

 

Course annotation 

1. Solid state lasers (R. Butkus) 

Structure and properties of solid state laser materials. Optical properties of rare earth ions in 

materials of solid state lasers. Transition metal ions in solid state laser materials. Non-radiative 

transitions in laser materials. Slab and fiber lasers. Diode pumping of solid state lasers. Kerr 

lens modelocking. Lasers in the infrared. The Extreme Light Infrastructure. 

 

2. Optical parametric amplifiers (A. Dubietis) 

Short introduction to nonlinear three-wave interactions in birefringent media. Basic nonlinear 

optical crystals. Parametric fluorescence and superfluorescence. Principles of optical parametric 

amplification. Parametric gain. Phase matching and wavelength tuning range. Short pulse 

optical parametric amplification. Group velocity mismatch. Amplification bandwidth. Practical 

setups for optical parametric amplifiers. Supercontinuum as a seed signal. Self-focusing and 

self-phase modulation. Supercontinuum generation: nonlinear media and practical schems. 

Principles of noncollinear optical parametric amplification. Ultrafast optical parametric 

amplifiers. Optical parametric chirped pulse amplification (OPCPA): current state of the art. 

 

3. Propagation of pulsed radiation (G. Valiulis) 

Wave amplitude and phase temporal as well as spatial modulation. Light pulse profiles 

(Gaussian, Secant, Rectangular, Hyper-Secant). Transform-limited and phase modulated pulses. 

Light pulse propagation equation in dispersive medium, various dispersion approximations. 

Normal and anomalous group velocity dispersion. Light pulses dispersive broadening  and 

compression. The spatial (angular) spectrum. Parabolic diffraction equation. Bessel beams. 

Pulsed beam diffraction. Angular dispersion of  the optical wave-packet. Tilted pulses. Non-

diffractive pulsed beams (X waves) in linear dispersive medium. Three-wave parametric 

interaction equations. Parametric amplification in monochromatic pump field. Parametric 

amplification bandwidth. Nonlinear dispersion. Chirp (phase modulation) reversal. Pulse 

narrowing caused by pump envelope under the group-velocity matching conditions. Saturation 

regime. Modal amplification regime.  

 

4. Interaction of matter with spatio-temporally confined light (M. Malinauskas) 

Spatially selective light-matter interaction. Spatio-temporal confinement of light. Linear and 

non-linear interaction, stochastic and deterministic processes, avalanche ionization and multi-

photon absorption. Optical power, dose and intensity, light polarization. Pulse duration, 

repetition rate and number of pulses. Irreversible photomodification via polymerization, 

crosslinking, reduction, self-organization, trapping. Photoinitiation and chemical quenching, 



plasma formation at tight beam focusing. Laser raster microscopy and its implementations 

towards nanoscopy via STED inspired techniques. Direct laser writing 3D lithography. Extreme 

UV and multicolor lithography. Optical projection printing. Laser induced forward transfer 

(LIFT). Laser inscription in transparent solids. Light based 4D printing and 5D memory. Optical 

micro-manipulation. Integrated lab-on-chip and lab-in-fiber microsystems. 

 

5. Time-resolved spectroscopy (M. Vengris) 

 Principles of light absorption and emission in atoms, molecules, solids and nanostructures. 

Quantum mechanical description of time-dependent systems. Techniques for time-resolved 

fluorescence spectroscopy. Global and target analysis of time-resolved spectroscopic data. 

Time-resolved absorption spectroscopy (pump-probe). Pump-probe spectroscopy in soft X-ray, 

extreme UV, mid-IR wavelength ranges. Multi-pulse transient absorption spectroscopy. Time-

resolved Raman spectroscopy. Coherent electronic and vibrational spectroscopies: transient 

gratings, 3 pulse photon echo. Two-dimensional electronic and vibrational spectroscopies. 

 

6. Vibrational Spectroscopy 

Brief introduction to theory of vibrational energy levels of diatomic molecules. Infrared 

absorption and Raman scattering. Normal vibrations of polyatomic molecules. Molecular 

symmetry in vibrational spectroscopy. Methods of calculation of wavenumbers and intensities 

of vibrational spectral bands. Enhancement of Raman signals – Resonance Raman scattering 

and SERS. ATR-FTIR spectroscopy, Nonlinear vibrational spectroscopy. Vibrational spectra 

and chemical imaging. Raman and infrared microscopies. Modern applications of vibrational 

spectroscopy. 
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Audrius 

Dubietis 

habil. Dr. 
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