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attosec pulse train (APT)
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isolated attosecond pulse (IAP)



High-order harmonics are generated as attosecond bursts repeated
each half cycle of the fundamental laser (attosecond pulse train)
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Isolated attosecond pulse generation
by a few-cycle laser pulse
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Baltuska et al. Nature 421, 611 (2003
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Emission of soft X-rays with

Hentschel et al. Nature 414, 509 (2001)
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From femtosecond to attosecond
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How to generate |AP
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Isolated attosecond pulse
oeneration by a few-cycle
laser pulse

Hentschel et al. Nature 414, 509 (2001)
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HHG Is suppressed when neutral atoms are depleted

fundamental field

density of neutral Ar atoms
envelope (400 nm)
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Isolated sub-fs pulse generation from a ~10 fs pulse
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POLARIZATION GATING (PG)

HHG 1s suppressed when circular polarization s used

counter-rotating circularly polarized pulses with a delay
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GENERALIZED DOUBLE
OPTICAL GATING (GDOG)

Elliptical instead of circular polarization
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300 nm + | 300 nm two-color driving field

90 - 1300 nm autocorrglation trace
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Quest for higher photon energy
(shorter wavelength)

cutoff T = Uiy == ST,
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Longer fundamental wavelength is advantageous

Uy,(eV) =

Optical parametric chirped-pulse amplification
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\/\/ATER—>/\/\N DOW HHG

spectral range between the K-absorption edges of C (284 eV) and O (543 eV)

» absorbed by biological samples but not by water
» attractive for high-contrast biological imaging
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keV HHG

Even up to 1.6 keV, > 5000 orders
almost x-ray!
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PopmintcHev et al., Science 336, 1287 (2012)
a new type of laser-based radiation source
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atomic unit of time = 24 attoseconds
Electron

P ~ Orbital period of the Bohr electron
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real-time observation and time-domain control of
atomic-scale electron dynamics
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