
 

World's best metronome enables slow-motion
pictures of atoms and molecules

January 17 2012

(PhysOrg.com) -- The world's most accurate metronome keeps stroke to
an incredible 10 quintillionth of a second. The device enables slow-
motion pictures from the world of molecules and atoms, scientists from
the Center for Free-Electron Laser Science (CFEL) in Hamburg,
Germany, and the Massachusetts Institute of Technology (MIT) report.
The metronome, an ultrashort pulse laser, acting as an optical flywheel,
is currently the most precise clock generator on short time scales, writes
the research team headed by DESY scientist Prof. Franz X. Kärtner in
the journal Nature Photonics. CFEL is a joint venture of DESY, the
German Max Planck Society and the University of Hamburg.

The accuracy of the laser beat is ten attoseconds (quintillionth of a
second), or 0.000 000 000 000 000 01 seconds. Atomic clocks achieve a
higher precision, yet on longer time scales. Only with this accurate laser
beat it is possible to take motion pictures of the nanocosm, as the
movement of electrons in molecules and atoms take place on time scales
of some 100 attoseconds to femtoseconds. “That is about the time an
electron needs for orbiting a hydrogen nucleus or for the electric charge
to move through a molecule during photosynthesis,” Kärtner explains.
With novel light sources, so-called free-electron lasers, researchers
expect fundamental new insights into those processes.

Free-electron lasers like FLASH at DESY or the future European XFEL
X-ray laser, currently being built at Hamburg, produce extremely short
and intense flashes of ultraviolet or X-ray radiation. With this short
wavelength light pulses, it is possible to take flash photos of single
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molecules and atoms. However, the intense energy of each light pulse
destroys the sample.

Therefore, the slow-motion movie production of a molecular process
requires the repetition of the same process with a fresh sample and each
picture is taken a bit later. But how is it possible to reliably postpone the
exposures by the same interval from shot to shot? This is achieved with
optical lasers used as clock generators. Within these lasers a light pulse
oscillates between two mirrors, with part of the pulse being partially
transmitted through one of the mirrors.

This process generates a pulse train that is used to synchronize all
components of a free-electron laser, including the start of a process and
the subsequent exposure to a X-ray flash.

Because the optical laser pulse is oscillating so steadily within the clock
generator, it is often called an optical flywheel. In mechanics, flywheels
are used among other things to stabilize periodical movements. However,
up to now it was unclear, how accurate these optical flywheels are
running. This could only be measured directly with an even more precise
instrument, which simply doesn´t exist.

Therefore Kärtner´s team compared two highly accurate laser clock
generators at MIT. This way the average error of both devices could be
measured. Assuming they are equally precise, both are keeping the
stroke at a precision of 10 attoseconds for at least a thousand laser
pulses. This enables a synchronization that is about a thousand times
more accurate than the current standard at free-electron lasers.

The team reports that the extreme precision is stable on the time scale of
microseconds. Longer stability can be achieved by synchronizing the 
laser with atomic processes like the excitation and following relaxation
of an atom. This is how modern atomic clocks work.
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  More information: “Optical flywheels with attosecond jitter”; Andrew
J. Benedick, James G. Fujimoto and Franz X. Kärtner, Nature Photonics
(2012) DOI:10.1038/nphoton.2011.326
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