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Time scales in magnetism
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Applications of nanoscale magnets
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Spin dynamics and time scales
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X-ray Photoemission Electron Microscopy at the APS
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Typical resolution currently ~100 nm
I+

E
le

ct
ro

n 
Yi

el
d

820810800790780770

Photon Energy 
(eV)

I-

Objective

Aperture

Circular Polarized 
Undulator Spherical Grating Monochromator

Entrance slit
Exit 
slit

23º

Screen

Projector 
lenses

Soft X-ray beamline (4-ID-C)

500-3000 eV

~100 nm resolution

Mirror

1x4 µm Co 
rectangles



Chemical and Magnetic Imaging
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• Simultaneous chemical + magnetic 
contrast 
• High magnetic contrast
• Full field
• No interaction with sample
• 100-120 nm resolution

• 20 nm target

• Domain imaging
• Buried layers (~5 nm)
• Finite size effects
• Self-assembled systems
• Ground states in nanoscale systems
• Interactions in particle arrays
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Co nanodot arrays
e-beam lithographic lift-off process:
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Magnetostatic interactions between Co dots
500 x 1000 nm dots
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Magnetostatic interactions between Co dots
200 x 600 nm dots

100×600(X×Y)=500×600 nm
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Time resolved imaging
Pump-probe experiments using the APS ring timing structure
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Magnetic linear dichroism in threshold 
photoemission

100 W Hg lamp 
(4.9 eV)

0.37% asymmetry

Figures reprinted with permission from Marx, Elmers, and Schönhense, Phys. Rev. Lett. 84, 5888 (2000).  
Copyright 2000 by the American Physical Society.



Spatial Resolution at threshold

Pd on Si

Chromatic aberrations limit the spatial resolution

Spherical aberration limit ~ 20 nm

Magnetic imaging at 300 fs, 20-30 nm!

Figures reprinted with permission from Omicron NanoTechnology, www.omicron.de.



Beyond stroboscopic imaging

4.9 eV @ 30 µJ = 3.8x1013 photons

200 µJ = 2.5x1014 photons

Enhancements:

Asymmetry (energy/polarization dependence?)

Flux (2mJ/pulse?)
30s exp (~3x1014 photons)
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Summary

• Significant improvement in state of the art magnetic 
imaging possible with existing parameters
– Magnetic nanostructures
– Spin populations in semiconductors

• Possible single-shot imaging mode
– Spin fluctuations
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