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The Dance of the Domains

Very small magnetic particles have regions called domains, where the magnetic compass
needles of all atoms point in the same direction. Synchrotron light makes these domains
visible and because it comes in short flashes, it allows investigating how such domains react
to very short applied magnetic field pulses.

Magnetism has puzzled scientists since its discovery about 3000 BC. In todays world it has
found endless applications from electromotors over compasses to data storage on hard disks.
Synchrotron light can visualize the orientation of a magnetic field and can do so with very
high spatial (100nm) and temporal resolution (100ps). This has been used to study how
squares of the magnetic material permalloy (Fe19Nig;) react when subjected to a very short
magnetic field pulse Hp (~200ps).
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Figure 1: Snap shots of a magnetic square (L = 6m) following the application of a short magnetic field pulse
Hp. The arrows indicate the direction of the atomic compass needles and dashed lines indicate the walls
separating the domains.

Before the application of an external field pulse Hp the square consists of four equal regions
with homogenous magnetization, called domains. The direction of the magnetic field is
indicated by arrows. After the field pulse (467ps) the magnetic field in the domains oriented
perpendicular to Hp has rotated. The domains are oscillating with a frequency of about 2GHz.
This oscillation of the domains drives a vibration of the domain walls, which is seen as a
bulging (667ps). After even longer times (1667ps) the vortex which is formed at the
intersection of two walls is seen to move.

This experiment not only allows visualizing such fast processes on a microscopic scale, but it
allows quantitative analysis leading to an understanding of the underlying physics.
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