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Co/Pt 
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Resonant magnetic small angle X-ray scattering 

(mSAXS) of magnetic domain patterns 
 

1.) Ferromagnetism in a nutshell 

 - forms of magnetic phenomena 

 - contributions to free energy 

 - focus on systems with perpendicular magnetic anisotropy (Co/Pt multilayers)  

 - magnetic domains and domain walls 

2.) Interaction of polarized photons with matter 

 - Recap: Charge and Spin X-ray Scattering by a single electron 

 - Recap classical concept of Absorption & Resonant Scattering (forced oscillator) 

 - Absorption and Resonant Scattering (QM concept, Fermi’s Golden rule)  

 - Interactions of photons with ferromagnetic materials  XMCD effect 

 (- XMLinearD and X-ray Natural Dichroism) 

3.) Resonant magnetic SAXS of magnetic domain patterns 
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> From Absorption to Resonant Scattering (exp. approach): 

Measure absorption cross-section for both helicities 

Kramers-Kronig relation 

f‘  
 

𝜎scattering = 𝑓² 

= 𝑍 + 𝑓′ 𝜔, 𝛆 2 + [𝑓′′ 𝜔, 𝛆 ]² 

Interaction of polarized photons with matter 



 

5  Methoden Moderner Röntgenphysik II - Vorlesung im Haupt-/Masterstudiengang, Universität Hamburg, 

  SoSe 2017, A. Philippi-Kobs 

> Resonant scattering (qm concept): 2. Term of Fermi’s Golden rule in dipole approx. 

Dipol approximation etc. (as done for absorption term) 

J. P. Hannon et al., Phys. Rev. Lett 61, 1245 (1988)  

Δn: line width 

Interaction of polarized photons with matter 
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> Resonant scattering: 2. Term of Fermi’s Golden rule in dipole approximation 

with and 𝜎scattering = 𝑓² 

 

Charge: Natural linear dicroism 

XMLD: X-ray magnetic linear dicroism 

Interaction of polarized photons with matter 

f(ω,ε1) 

± 

𝐞𝑧 

For circularly polarized light 
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> XMCD and XMLD effect 

Interaction of polarized photons with matter 

anisotropic 

charge  

distribution 

Due to SOC 
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> XNLD and XNCD effect 

Interaction of polarized photons with matter 
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mSAXS of magnetic domain patterns 

„magnetic grating/lattice“ = stripe domain pattern with equal domain size D 

                (periodicity of d = 2D) 

RCP or LCP 

Scattering factor 𝑓𝑚 = 𝑀𝑧𝐹
𝑚 varies in x-direction due to XMCD effect & alternating 𝑀𝑧  
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mSAXS of magnetic domain patterns 

Scattering amplitude (Fourier transform of scattering factor): 

Scattering intensity: 
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Imaging of magnetic domain patterns with X-rays 
> X-ray lenses based methods 
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Imaging of magnetic domain patterns with X-rays 
> X-ray lenses based method 

Fresnel Zone plates: 

disadvantages: 

- High absorption  

- Hard to fabricate 
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Imaging of magnetic domain patterns with X-rays 

- Integration of gray values 

  for each field value 

   hysteresis 

> X-ray lenses based method 

- Element-sensitivity 
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Imaging of magnetic domain patterns with X-rays 
> Lensless Imaging – Fourier transform Holography 

Reference  

hole 

Object hole 
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Imaging of magnetic domain patterns with X-rays 
> Lensless Imaging – Fourier transform Holography 

Mask and sample: 

Preparation 

by focused ion beam 

technique 



Imaging of magnetic domain patterns with X-rays 
> Lensless Imaging – Fourier transform Holography (FTH) 

Principle: 

- Intensity on detector: 

- Scattering factor for circularly polarized light and M||Lph: 

- “Hologram” (= I(Q)) with RCP and LCP 
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Imaging of magnetic domain patterns with X-rays 
> Lensless Imaging – Fourier transform Holography (FTH) 

Principle: 

- Difference hologram: 
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- Reconstruction = Fourier transformation: 

Imaging of magnetic domain patterns with X-rays 

Principle: 

> Lensless Imaging – Fourier transform Holography (FTH) 
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1 

2 



Imaging of magnetic domain patterns with X-rays 
> Lensless Imaging – Fourier transform Holography (FTH) 

In-plane contrast: 
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In-plane magnetized 

20 nm thick Co film 



Imaging of magnetic domain patterns with X-rays 
> Lensless Imaging – Fourier transform Holography (FTH) 
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Element-selectivity 

D. Stickler et al., Appl. Phys. Lett. 96, 042501 (2010) 

Fe-wedge 



> Lensless Imaging – Coherent Diffraction Imaging (CDI) 

Imaging of magnetic domain patterns with X-rays 
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