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Generation of attosecond pulses
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Atoms in strong fields
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Atoms in strong fields
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Atoms in strong fields

T= Laser period = 2.6 fs
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From the time to the frequency domain

Time domain —— Frequency domain

Electric field in time E(t) _ Power spectrum |E(o))|29



Harmonics = Interferences of attosecond pulses

Time domain

.

Electric field in time E(t)

-

o

Power spectrum |E(w)|?



Attosecond pulses = Sum of phase-locked harmonics
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NOT: Incoherent radiation from a collection of atoms
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A nonlinear optical phenomenon
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Single atom response
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Attosecond time domain
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Macroscopic response
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Detection of High Harmonics
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The problem
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Simplification of the problem

M. B. Gaarde, K. J. Schafer,

Paraxial approximation M. Gisselbrecht, ALH

Slowly-varying envelope approximation
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Intensity (1 013 W/cmz)

Optimisation of the problem
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Spectral range and efficiency
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Energy per pulse and divergence

TABLE II. Optimized high-order harmonic energy and conversion efficiency.

Harmonic order 17 19 21 23 25 27

Transmission 0.12 0.13 0.15 0.16 0.19 0.21

Photon number (X109 3.03 2.98 3.10 2.63 1.60 1.41

Energy (uJ) 0.13 0.14 0.16 0.15 0.10 0.09

Efficiency (X 107°) 6.8 7.5 8.6 8.0 53 5.0
0
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Coherence and Polarization of high harmonics
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Spatial coherence: good!

Temporal coherence: limited by pulse
duration and chirp

Polarization: normally linear — can be made
circular by using two beams
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Tunability of high harmonics

Increasing
the intensity

Harmonic order
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Ch. Heyl
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Coherent diffractive imaging with Harmonics

XTa.V Cco

IR beam
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Beam splitter
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Kapteyn, Murnane
Ravasio et al., PRL, 2010
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Digital In-Line Holography with Harmonics

Al filter CCD camera
|

Object

DA/

Gas Cell MCP

Schwarzschild objective off-axis

Spot size = 2 um
Focal length 27mm

20 nm thin SiN
membrane

Electron Beam
Lithography

Experimental resolution: 1 um Single shot!



Digital In-Line Holography with Harmonics
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Amplitude object
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Time-resolved electron microscopy

PEEM

Photoelectron emission microscopy

Spatial resolution: electron microscopy

Temporal resolution: pump/probe method
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Imaging low energy A A A A as
electrons => very \/\/\/\/\
surface sensitive

Anders Mikkelsen
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SEM image  PEEM + XUV laser

PEEM + IR laser PEEM + IR + XUV
All images: 80x80um?
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