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Generation of Optical Harmonics
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1988 : First Observation of High-order Harmonic
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Early 90s : The Three Steps Model (Paul Corkum, NRC Ottawa)

Gain of energy

O

AEnergy
XUV photon emission
Recombinatipn ™\ NN

First step : tunneling ionization Second step : propagation Third step : recombination
Gain of energy

M. Yu. Kuchiev, JETP Lett. 45, 404 (1987) ; P.B. Corkum PRL 71, 1994 (1993) ; K.J. Schafer et al., PRL 70, 1599 (1993) 2
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Third step : recombination

These three steps occur within a fraction of the driving laser cycle :
Attosecond (10" s) confinement of the emission

M. Yu. Kuchiev, JETP Lett. 45, 404 (1987) ; P.B. Corkum PRL 71, 1994 (1993) ; K.J. Schafer et al., PRL 70, 1599 (1993) ©
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Trends in Attosecond Science

HHG as a light source High Harmonic Spectroscopy
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Trends in Attosecond Science

Our contribution : (accidental) discovery of a new HHG mecanism !
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High Harmonic Generation in Ar atoms
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High Harmonic Generation in Ar atoms
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s Free Induction Decay from Rydberg States
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AEnergy
Coherent emission of XUV light by the electronic
wavepacket, after the laser pulse.

Beaulieu et al., Physical Review Letters 117, 203001 (2016) 12
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HHG from Rydberg States (e-HHG)
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Gabor Analysis of the TDSE : e-HHG is delayed
by 4 fs compared to the non-resonant HHG.

Beaulieu et al., Physical Review Letters 117, 203001 (2016)
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Temporal resolution of the emission of e-HHG

e-HHG (sub-5 1s)
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The Attosecond Lighthouse :
Ultrafast wavefront rotation by focusing a spatially chirp pulse
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Vincenti et al., Phys. Rev. Lett. 108, 113904 (2012) ; Kim et al., Nature photonics 7, 651-656 (2013)
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The Attosecond Lighthouse :
Ultrafast wavefront rotation by focusing a spatially chirp pulse

Gas jet Falling Edge

To XUV spectrometer

F=30cm
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Rising Edge

A simple way to isole an attosecond pulse from a pulse train

Vincenti et al., Phys. Rev. Lett. 108, 113904 (2012) ; Kim et al., Nature photonics 7, 651-656 (2013) 17
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Attosecond Lighthouse
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Single-shot measurement of the spectrum (at 1 kHz) — circumvent
the needs of CEP stability

Beaulieu et al., Physical Review Letters 117, 203001 (2016) 18



Partial Conclusion

New HHG mechanism from excited states !

Delayed in time by few femtoseconds.
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xFID vs Absorption Spectroscopy
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Laser-Imposed Phase Measurement
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Perspectives
Hyper-Raman Effect in HHG
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Dipole (a.u.)

Nouveau meécanisme en HHG

Comment extraire de I’information du TDSE ?

Analyse de Gabor.
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Dipole (a.u.)

Nouveau meécanisme en HHG

Comment extraire de I’information du TDSE ?
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Dipole (a.u.)

Nouveau meécanisme en HHG

Comment extraire de I’information du TDSE ?

Analyse de Gabor.
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Dipole (a.u.)

Nouveau meécanisme en HHG

Comment extraire de I’information du TDSE ?

Analyse de Gabor.
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Dipole (a.n.)
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Nouveau meécanisme en HHG

Comment extraire de I’information du TDSE ?
Analyse de Gabor.
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Dipole (a.u.)

Nouveau meécanisme en HHG
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