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

  SoSe 2018, A. Philippi-Kobs 

Part II/1:  

Studies on Magnetic Nanostructures  

by André Philippi-Kobs (AP)  

[15.5.] Ferromagnetism in a Nutshell  

• Introduction to Magnetic Materials  

• Magnetic Phenomena 

• Magnetic Free Energy 

• Perpendicular Magnetic Anisotropy 

• Magnetic Domains and Domain Walls  

 

[17.5.] Interaction of Polarized Photons  

           with Ferromagnetic Materials  

• Charge and Spin X-ray Scattering by a Single Electron 

• Absorption and Resonant Scattering of Ferromagnets 

(Semi-Classical and Quantum-Mechanical Concepts)  

 

Outline 
 

interaction 



 

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

  SoSe 2018, A. Philippi-Kobs 

Part II/2:  

Studies on Magnetic Nanostructures  

by André Philippi-Kobs (AP)  

[19.6.] X-ray Magnetic Circular Dichroism             

(XMCD) & Resonant Magnetic Small                         

Angle X-ray Scattering (mSAXS) 

• Role of Spin-Orbit Coupling and Exchange Splitting 

• Sum Rules 

• XMLD and Natural Dicroisms  

• mSAXS of Magnetic Domain Patterns  

  

Outline 
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> X-ray magnetic circular dicroism (XMCD) effect 

Calculate transition matrix  

    elements for Spin-Up electrons &   

    helicity q = ± 1 (RCP and LCP) 

50/30 

10/30 

- Strong ferromagnet: 

   one subband is completely filled 
Crystal-field-split-d-states 

Interaction of polarized photons with matter 

- Spin in conserved during transition 

 XMCD: 
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> X-ray magnetic circular dicroism (XMCD) effect Strong ferromagnet: 

One subband is  

Completely filled 

Crystal-field-split-d-states 

Atomic-exchange-split 

d-states (w/o SOC) 

Interaction of polarized photons with matter 

Same results for  𝐼𝐿3,𝑡𝑜𝑡𝑎𝑙: 𝐼𝐿2,𝑡𝑜𝑡𝑎𝑙 = 2: 1, 

         Δ𝐼𝐿3,𝑡𝑜𝑡𝑎𝑙: Δ𝐼𝐿2,𝑡𝑜𝑡𝑎𝑙 = 1:−1  

when using atomic d-states (w/o SOC); today‘s lecture 
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> X-ray magnetic circular dicroism (XMCD) effect 

Interaction of polarized photons with matter 

What is happening in a paramagnet?  

What is happening w/o Spin-Orbit-Coupling for the p-states? 

 No XMCD 

 No XMCD 
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> X-ray magnetic circular dicroism (XMCD) effect 

Interaction of polarized photons with matter 

(sketches in textbooks can be misleading!) 

https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjl-9P-0pXUAhWCWhoKHRoDA6gQjRwIBw&url=https://www.researchgate.net/figure/222257389_fig7_Fig-9-A-sketch-of-the-physical-origin-of-L-edge-XMCD-in-the-two-step-model&psig=AFQjCNFgNm2Ay5KCOSRa7LFbiSJ2CHEGZA&ust=1496166027604467
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> (Orientation averaged) Sum rules 

Density of d-states at EF 

(α = z) 

Interaction of polarized photons with matter 
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> (Orientation averaged) Sum rules 

Interaction of polarized photons with matter 
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> Application of XMCD 

Interaction of polarized photons with matter 
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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 
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> 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 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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Part II/2:  

Studies on Magnetic Nanostructures  

by André Philippi-Kobs (AP)  

[19.6.] X-ray Magnetic Circular Dichroism             

(XMCD) & Resonant Magnetic Small                         

Angle X-ray Scattering (mSAXS) 

• Role of Spin-Orbit Coupling and Exchange Splitting 

• Sum Rules 

• XMLD and Natural Dicroisms  

• mSAXS of Magnetic Domain Patterns  

  

Outline 
 


