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Birth of attosecond science

 

 High-order harmonic generation has led to the development of a new field – attoscience.

Farkas and Tóth, Phys. Lett. A 168, 447 (1992)



What can we use attosecond pulses for?

Attosecond pulses can be used for:

 to directly observe the wave oscillations of light 

 to directly observe electron dynamics in matter 

 to watch quantum interference build up in real time 

 to measure the time it takes for an electron to be stripped away from the atom

 petahertz electronics

 preventive medicine

etc.
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Direct measurement of light wave

Gaulielmakis et al., Science 305, 1267 (2004)

Attosecond streaking



Direct observation of valence electron dynamics

Krypton ion (Kr+)

Goulielmakis et al., 
Nature 466, 739 (2010)



Calegari et al., Science 346, 336 (2014)

Direct observation of charge migration

Charge migration mostly between the amine
and carboxylic groups in 4 fs

The probe pulse is most likely absorbed by
the amine group

Phenylalanine



Kaldun et al. Science 354, 738 (2016)

Watching interference build up in real time

Fano resonance in helium (He)



Kaldun et al. Science 354, 738 (2016)

Watching interference build up in real time

Fano resonance in helium (He)



Photoemission time delays

Single ionization of Ne from 2s and 2p shellsSingle ionization of Ne from 2s and 2p shells

Schultze et al. Science 328, 1658 (2010)



Photoemission time delays

Single ionization of Ne from 2s and 2p shells

Isinger et al. Science 358, 893 (2017)

High temporal (20 as) and spectral (200 meV) accuracy!
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Towards petahertz electronics

Silicon dioxide (SiO2)

Schiffrin et al., Nature 493, 70 (2013)
Schultze et al., Nature 346, 1348 (2014)
Sommer et al., Nature 534, 86 (2016)



Mashiko et al, Nature Physics 12, 741 (2016)

Gallium Nitride (GaN)

1.16 PHz

Towards petahertz electronics



Electric-field-resolved molecular fingerprinting 

Methylsulfonylmethane (DMSO2) in water

Pupeza et al, Nature 577, 52 (2020)



https://www.lasers4life.de/

Towards preventive medicine 

Blood samples



Huber et al., eLife 10:e68758 (2021)

Towards preventive medicine



Towards preventive medicine

https://www.lasers4life.de/





A. Zeilinger - Radek Łapkiewicz



F. Krausz - Paweł Wnuk
- Maciej Kowalczyk



“… the grater the detail in which we can pursue 
Nature on any path, the richer and more durable will 

be the gain that we can derive from our 
perceptiveness...”

                                  
Max Planck
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