
”There's Plenty of 

Room at the Bottom” 

 
R. Feynman 



Time and length scale in the (micro)world 
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oscillation, dE=meV -> femtosecond times 

electronic transitions, dE=eV -> attosecond times 



 ”for their studies of extremely fast chemical reactions, effected by disturbing the 

equilibrium by means of very short pulses of energy” 

https://www.nobelprize.org/prizes/chemistry/1967/porter/facts/


”for his studies of the transition states of chemical reactions using femtosecond 

spectroscopy” 



 “for their method of generating high-intensity, ultra-short optical pulses” 



High powers in the lab 

TTT-class (Table Top Terawatt) 

 10 Hz Optical Parametric Chirped Pulse Amplifier (OPCPA) 

in the Laser Center of the Institute of Physical Chemistry, Warsaw 

(Wnuk, Stepanenko, Radzewicz) 



High powers in the lab 

Output beam parameters: 
- pulse energy: 49 mJ 
- pulse duration: 23 fs 
- total gain: 36 M 
- stability: 2% RMS 
- repetition rate: 10Hz 
- pulse contrast: 10-8 



What is progress? 

1967  10-6 s  0.6 GW Stockholm 

 

2017  10-14 s  2 TW  the world 

 

 

 

Installed power capacity 

 

Poland  0.05 TW 

Germany  0.2 TW 

USA   1.3 TW 

China   2.4 TW 

global   8.5 TW 



“for experimental methods that generate attosecond pulses of light for the study of 

electron dynamics in matter” 



A. V. Sokolov et al. PRL 85, 562 (2000) 



Surpising: 

- high efficiency 

- narrow cone of emission 

- constant intesity of harmonics 

 

Possible application: 

compact source 

for XUV spectroscopy 



J.L. Krause, K.J. Schafer, K.C. Kulander, PRL 68, 3535 (1992) 

K.J. Schafer, B. Yang, L.F. DiMauro, K.C. Kulander PRL 70, 1599 (1993) 

M. Lewenstein, et al., Phys. Rev. A. 49, 2117-2132 (1994). 

Generating high harmonics – 3-stage model 

1 V/Å 



High Harmonic Generation in a gas 
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Harmonic 

HHG produces equally 

spaced harmonics out to 

as much as the 300th 

harmonic, potentially 

compressible to pulses 

as short as 10 as 



P. M. Paul et al., Science 292, 1689 (2001) G. Sansone et al., Science 314, 443 (2006) 

Attosecond pulses – from pulse trains to a single pulse 

Two methods: 

-spectral filtering 

- polarization gating 



P. M. Paul et al., Science 292, 1689 (2001) T. Gaumnitz, et al., Opt. Express 25, 27506 (2017) 

Attosecond pulses – recent results 



Reconstruction of attosecond beating 

by interference of two-photon transitions (RABBIT) 

L. Cattaneo, J. Vos, M. Lucchini, L. Gallmann, C. Cirelli, and U. Keller, Opt. Express  24, 29060 (2016) 



L. Cattaneo, J. Vos, M. Lucchini, L. Gallmann, C. Cirelli, and U. Keller, Opt. Express  24, 29060 (2016) 

Attosecond streaking 





A. Zeilinger  - Radek Łapkiewicz 



F. Krausz  - Paweł Wnuk 

  - Maciej Kowalczyk 


