Time Resolved Magnetic X-ray Microscopy at the STXM: Implementation and the study of magnetic vortex dynamics.
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X-ray microscopy combined with X-ray magnetic circular dichroism (XMCD) enables the imaging of magnetic domain structures in ferromagnetic systems [1]. The XMCD effect is an element-specific magnetic contrast mechanism and has a high sensitivity to thin magnetic layers while current X-ray microscopes provide a lateral resolution down to 25 nm. 
We give an overview of the development of time resolved magnetic X-ray microscopy at the scanning transmission X-ray microscope at beamline 11.0.2 at the ALS.  By using the inherent pulsed time structure of the synchrotron, ‘pump and probe’ experiments were set up. The time resolution is given by the electron bunch width and is about 70 ps. The development of a new fast detector system based on an avalanche photo diode, which can resolve the multi-bunch time-structure, has enabled us to perform time resolved experiments in the standard multi-bunch operation mode. This development has drastically reduced the measuring time compared to the two bunch operation mode due to the higher photon flux. 

Complementary to the standard ‘pump and probe’ method, we developed a spatially resolved FMR (Ferromagmetic Resonance) technique [2]. By applying a synchronized RF sine wave to the sample we can observe the response in function of the phase.  This excitation method allows a detailed study of distinct resonances in the dynamic response of magnetic nanostructures.  

We will present some of the results obtained in squared 1.5 x 1.5 µm2, 50 nm thick Permalloy patterns. The static magnetic ground state configuration is a Landau structure. We have studied the dynamics of the magnetic vortex at the intersection of the Néel domain walls after excitation with a pulse and a sine wave at the resonance frequency of the gyrotropic vortex motion. Our results indicate the switching of the out-of-plane vortex core by resonant excitation.
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