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Potential for biomolecular imaging
with femtosecond X-ray pulses

Richard Neutze”, Remco Wouls*, David van der Spoel” , Edgar Weckert T £
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Nature 406, 757 (2000)
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Figure B1 Feminsecond laser micromaching process. a, Schematic of the laser incident on a transparent material. b, Diagram of the excitation of electrons to the
conducton band. ¢, Microscope images showing the farge variation in the feature characteristics depending on the experimental conditions. Lefit: single 10-nJ pulse and right:
25,000 5-nJ pulses at a frequency of 25 MHz (both with the same focal spot).
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Micromachining — waveguide-

Optical microscope image of waveguides
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Controlling dielectrics with the electric field of light

Martin Schultze'?, Elisabeth M. Bothschafter®, Annkatrin Sommer', Simon Holzner!, Wolfgang Schweinberger!, Markus Fiess’,

Michael Hofstetter”, Reinhard Kienberger'®, Vadym Apalkov®, Vladislav S. Yakovlev?, Mark 1. Stockman® & Ferenc Krausz'-?

Nature 493, 75(2013, Jan.3)
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Figure 1 | Simultaneous attosecond absorption and sireaking spectroscopy.
a, Schematic Mustration of the experimental set-up. TOF, time of flight

b, Attosecond streaking spectrogram of the 72-attosecond (full-width at half

maximum ) isolated XUV pulse and a near-single-cycle NIR pulse used in the
experiments. The spectrogram was recorded by measuring the energy spectrum
of photoelectrons released by the XUV pulse into the NIR field as a function

of NIR-XUV delay. ¢, Attosecond transient absorption spectrogram of a
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between the sub-100-attosecond XUV pulse and the NIR laser pulse with a
delay step of Aty, =100as (the black line shows the synchrotron- XANES
absorption data™ for comparison). d, Schematic energy level diagram of Si0..
The blue arrow represents the XUV absorption from Si L-states to the Si0,
conduction band. The 9-eV bandgap between valence and conduction band
exceeds the NIR photon energy by a factor of 6, as indicated by the red arrow.
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Optical-field-induced current in dielectrics
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Laser photon energy is much lower than direct bandgap.
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FIG. 5. Silicon absorption spectrum [Im(ey)]: @, experiment
(Lautenschlager ef al., 1987); dash-dotted curve, RPA, includ-
ing local field effects; dotted curve, GW-RPA; solid curve,
Bethe-Salpeter equation.
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of time-dependent density functional theory

Limited to linear response regime.
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K. Sokoowski-Tinten, D. von der Linde,
Phys. Rev. B61, 2643 (2000)

A=625nm, 100fs pulse
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1,000 cores, 10 hours (SGI Altix, U. Tokyo)
20,000 cores, 20 min (K-computer, Kobe)
macroscopic grid: 256
microscopic grid: 16”3
K-points 83 -> 80 (too small)
time step: 16,000

Performance at K-Computer in Kobe (in early access)
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