
Transient Absorption 
Spectroscopy (TAS)

Igor Dmytruk

Department of Experimental Physics, Faculty of Physics, 

Taras Shevchenko National University of Kyiv

Department of Photonic Processes, Institute of Physics, 

National Academy of Sciences of Ukraine

LASERS4EU Online training on experimental methods and data analysis for femtosecond and attosecond spectroscopies, 9-11 June 2026



Outline
• Methods of time-resolved spectroscopy:

• Time-resolved luminescence

• Pump-probe:
• Absorption (TAS)

• Reflection

• Anisotropy

• TAS measurement setup
• Physical principles

• What values are actually measured

• Practical realization

• Pitfalls and workarounds

• Examples of results
• Dye molecules

• Nanoparticles

• More sophisticated schematics







Practical realization 

Main idea: EXCITATION: 150 fs, 400 nm, 1 kHz, up to 109W/cm2

PROBE: 150 fs “white light”, 200 - 1600 nm

Range of delay between pump and probe: 0 fs – 2 ns
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Physical principles

• Full optical “gating”

• substitution "time -> distance“

• Absorption, transmission or reflection spectroscopy

• nonlinear element – ​​object of study

• contrast is provided by frequency and spatial separation of pump and 
probe



Data processing

measured quantity – change of optical density of the 
sample after pump pulse
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Requirements to samples

• Stability in pump beam
• low light scattering 
• relaxation time < 1ms



Practical implementation
• Optical schematic



Experimental setup



Pitfalls and workarounds
• Sample instability
• Chirp of white light
• Unwanted optical signals (luminescence, scattering)
• Misalignment as delay line moves
• Nonlinear phenomena in the sample



Femtosecond Laser Complex for collective use at
Institute of Physics of National Academy of Sciences of
Ukraine



Characteristics

• time range – up to 2 ns

• repetition rate up to 1 kHz

• scanning step – 0.1 μm (~0.7 fs)

• time resolution – ~150 fs

• spectral ranges:
• pumping – 750-800-900 nm (1 mJ)
• 375-400-450 nm (0.2 mJ)
• 250-267-300 nm
• OPA and its harmonics, DFG
• probing – 250-1100-1600 nm





Time-resolved luminescence

Optical Kerr gate







Gain in Rhodamine 6G
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Samples preparation and characterization
• Sol-gel technique based on hydrolysis of tetraethoxysilane

• doping with Cu salt

• addition of silica powder

• gelation, drying

• annealing in air and/or hydrogen



Absorption spectra



Copper nanoparticles in SiO2 matrix
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Copper nanoparticles in SiO2 matrix
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Colloidal solution of CdSe nanoparticles
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Colloidal solution of CdSe nanoparticles
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Model: ExpDec2 

Equation: y = A1*exp(-x/t1) + A2*exp(-x/t2) + y0 

  

y0 -4.1208
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Ultrafast spectroscopy of copper
nanoparticles in silica matrix
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Kinetics of induced transparency

Energy
absorption
and electron-
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scattering

Energy exchange between electron gas and lattice

Energy transfer to the matrix
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Plasmon peak parameters
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Time evolution of electron gas temperature

Observed phenomena

• surface plasmon excitation and 
scattering

• band-to-band transitions (d→p, d→s)

• heating and termalization of electron 
gas

• electron-lattice relaxation

• excitation of vibrational mode

• energy transfer to matrix
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Polarization measurement results
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Thank you for attention!
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